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(54) FIR FILTER AND METHOD FOR SETTING ITS COEFFICIENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an FIR(Finite Impulse Response) filter where 
a frequency point desirably to be passed can be designated and to provide a method 
for setting its coefficient. 

SOLUTION: This invention provides the method for setting a filter coefficient of the 
FIR filter that includes an initial setting step (F1 01) where setting of the FIR filter, 
setting of the band, and entry of a frequency point desirably to be passed and setting 
of an initial extremum point are conducted, a 1st step (F102) where an interpolation 
polynomial is generated, which interpolates the amplitude characteristic based on the 
extremum point of the frequency versus amplitude characteristic and the frequency 
point desirably to be passed, a 2nd step (F103) where a new extremum point is 
decided on the basis of the amplitude characteristic obtained from the interpolation 
polynomial decided in the 1st step, a 3rd step (F104) where repeating the 1st and 2nd 
steps decides whether or not the position of the extremum value is approximated to 
be kept within a desired range, and a 4th step (F105) where the filter coefficient is 
obtained based on the amplitude characteristic that is approximated in the 3rd step. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The FIR filter which an impulse response is the FIR filter with which it is 
expressed with finite time amount length, and the impulse response concerned serves 
as a filter factor, and is set up when the above-mentioned filter factor performs 
approximation with weight to a desired property using the algorithm which added a 
constraint which passes the frequency point of arbitration. 
[Claim 2] The setting-out approach of the filter factor of the FIR filter which 
computes the above-mentioned filter factor by expressing an impulse response with 
finite time amount length, and performing approximation with weight to a desired 
property using the algorithm which added a constraint which is the setting-out 
approach of the filter factor of an FIR filter that the impulse response concerned 
serves as a filter factor, and passes the frequency point of arbitration. 
[Claim 3] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR filter according to claim 2 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which passes the 
frequency point of arbitration. 

[Claim 4] It is the setting-out approach of the filter factor of an FIR filter that an 
impulse response is expressed with finite time amount length, and the impulse 
response concerned serves as a filter factor. The 1 st step which generates the 
interpolation polynomial which interpolates the amplitude characteristic from the 
extreme point of the amplitude characteristic of a frequency, and the frequency point 
which you want to pass, The 2nd step which determines a new extreme point from 
the amplitude characteristic searched for from the interpolation polynomial obtained 
at the 1st step of the above, The setting-out approach of the filter factor of an FIR 
filter which has the 3rd step which repeats the 1st step of the above, and the 2nd 
step, and is ended according to predetermined conditions, and the 4th step which 



asks for the above-mentioned filter factor from the amplitude characteristic 
approximated at the 3rd step of the above. 

[Claim 5] The setting-out approach of the filter factor of an FIR filter according to 
claim 4 which has the initialization step which performs setting out of an FIR filter, 
setting out of a band, input of the frequency point of arbitration [ arbitration ] to 
make it pass, and setting out of an initial extreme point at least before performing the 
1 st step of the above. 

[Claim 6] The setting-out approach of the filter factor of the FIR filter according to 
claim 4 which search[ for a rear spring supporter ]-asks the whole approximation 
band for the extremal value of the approximation error with weight calculated from 
the extreme point used for interpolation at the 2nd step of the above, and the 3rd 
step, and is judged that optimal approximation was acquired when calculated extremal 
value would be made into a new extreme point and the location of extremal value 
would not change. 

[Claim 7] The setting-out approach of the filter factor of the FIR filter according to 
claim 4 which computes the above-mentioned filter factor by performing 
approximation with weight to a desired property using the algorithm which added a 
constraint which passes the frequency point of arbitration at the 4th step of the 
above. 

[Claim 8] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR filter according to claim 7 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which passes the 
frequency point of arbitration. 

[Claim 9] An impulse response is expressed with finite time amount length, and the 
impulse response concerned serves as a filter factor. It is the FIR filter which has the 
tap of arbitration. The above-mentioned filter factor When the above-mentioned 
number of taps is made adjustable and a band is fixed, using the algorithm which 
added a constraint which passes the frequency point of the arbitration which satisfies 
the magnitude of attenuation of an inhibition zone so that the magnitude of 
attenuation of an inhibition zone may be satisfied The FIR filter set up by performing 
approximation with weight to a desired property. 

[Claim 10] An impulse response is expressed with finite time amount length, and the 
impulse response concerned serves as a filter factor. It is the setting-out approach of 
the filter factor of an FIR filter which has the tap of arbitration. When the above- 
mentioned number of taps is made adjustable and a band is fixed, using the algorithm 
which added a constraint which passes the frequency point of the arbitration which 
satisfies the magnitude of attenuation of an inhibition zone so that the magnitude of 
attenuation of an inhibition zone may be satisfied The setting-out approach of the 
filter factor of the FIR filter which computes the above-mentioned filter factor by 
performing approximation with weight to a desired property. 

[Claim 11] The above-mentioned weighting approximation is the setting-out approach 



of the filter factor of the FIR filter according to claim 1 0 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which passes the 
frequency point of the arbitration which satisfies the magnitude of attenuation of an 
inhibition zone. 

[Claim 12] An impulse response is expressed with finite time amount length, the 
impulse response concerned serves as a filter factor, and the number of taps can be 
changed. The 1st step which generates the interpolation polynomial which interpolates 
the amplitude characteristic from the frequency point which is the setting^out 
approach of the filter factor of an FIR filter that the band is being fixed, and you want 
to pass with the extreme point of the amplitude characteristic of a frequency, The 
2nd step which determines a new extreme point from the amplitude characteristic 
searched for from the interpolation polynomial obtained at the 1 st step of the above, 
The 3rd step which repeats the 1st step of the above, and the 2nd step, and is ended 
according to predetermined conditions, The 4th step which investigates the magnitude 
of attenuation of an inhibition zone from the amplitude characteristic approximated at 
the 3rd step of the above, The 5th step which judges whether the magnitude of 
attenuation of the inhibition zone specified as the investigated magnitude of 
attenuation is measured, and the comparison result has satisfied predetermined 
conditions, The 6th step which changes the number of taps when the comparison 
result of the 5th step of the above has not satisfied predetermined conditions, The 
setting-out approach of the filter factor of an FIR filter which has the 7th step which 
asks for the above-mentioned filter factor from the amplitude characteristic 
approximated by the 3rd step of the above which was satisfied with the 5th step of 
the above of predetermined conditions. 

[Claim 13] The setting-out approach of the filter factor of an FIR filter according to 
claim 1 2 which has at least the initialization step which specifies setting out of an FIR 
filter, setting out of a band, the input of the frequency point of arbitration 
[ arbitration ] to make it pass, setting out of an initial extreme point, and the 
magnitude of attenuation of an inhibition zone before performing the 1st step of the 
above. 

[Claim 14] The setting-out approach of the filter factor of the FIR filter according to 
claim 12 which investigates the minimum magnitude of attenuation in an inhibition 
zone at the 4th step of the above, and increases the number of taps at the 6th step 
of the above. 

[Claim 15] the setting out approach of the filter factor of the FIR filter according to 
claim 1 2 which compute the above-mentioned filter factor by performing 
approximation with weight to a desired property so that it may be satisfied with the 
7th step of the above of the magnitude of attenuation of an inhibition zone using the 
algorithm which added a constraint which pass the frequency point of the arbitration 
which satisfy the magnitude of attenuation of an inhibition zone when the above- 
mentioned number of taps be make adjustable and a band be fix . 
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[Claim 1 6] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR fitter according to claim 1 5 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which passes the 
frequency point of the arbitration which satisfies the magnitude of attenuation of an 
inhibition zone. 

[Claim 1 7] An impulse response is the FIR filter which has the tap of arbitration by 
being expressed with finite time amount length and the impulse response concerned 
serving as a filter factor. The above-mentioned number of taps by immobilization [ the 
above-mentioned filter factor ] Band setting out is an FIR filter set up by performing 
approximation with weight to a desired property so that the magnitude of attenuation 
of an inhibition zone may be satisfied using the algorithm which added a constraint 
which passes the frequency point of the arbitration which satisfies the magnitude of 
attenuation of an inhibition zone, when it can change. 

[Claim 18] An impulse response is the setting-out approach of the filter factor of an 
FIR filter which has the tap of arbitration by being expressed with finite time amount 
length and the impulse response concerned serving as a filter factor. The above- 
mentioned number of taps by immobilization When band setting out can be changed, 
using the algorithm which added a constraint which passes the frequency point of the 
arbitration which satisfies the magnitude of attenuation of an inhibition zone so that 
the magnitude of attenuation of an inhibition zone may be satisfied The setting-out 
approach of the filter factor of the FIR filter which computes the above-mentioned 
filter factor by performing approximation with weight to a desired property. 
[Claim 19] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR filter according to claim 1 8 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which passes the 
frequency point of the arbitration which satisfies the magnitude of attenuation of an 
inhibition zone. 

[Claim 20] An impulse response is expressed with finite time amount length, and the 
impulse response concerned serves as a filter factor. The number of taps by 
immobilization The 1st step which generates the interpolation polynomial which 
interpolates the amplitude characteristic from the frequency point which band setting 
out is the setting-out approach of the filter factor of the FIR filter which can be 
changed, and you want to pass with the extreme point of the amplitude characteristic 
of a frequency, The 2nd step which determines a new extreme point from the 
amplitude characteristic searched for from the interpolation polynomial obtained at 
the 1st step of the above, The 3rd step which repeats the 1st step of the above, and 
the 2nd step, and is ended according to predetermined conditions, The 4th step which 
investigates the magnitude of attenuation of an inhibition zone from the amplitude 
characteristic approximated at the 3rd step of the above, The 5th step which judges 
whether the magnitude of attenuation of the inhibition zone specified as the 
investigated magnitude of attenuation is measured, and the comparison result has 



satisfied predetermined conditions, The 6th step which changes setting out of a band 
when the comparison result of the 5th step of the above has not satisfied 
predetermined conditions, The setting-out approach of the filter factor of an FIR filter 
which has the 7th step which asks for the above-mentioned filter factor from the 
amplitude characteristic approximated by the 3rd step of the above which was 
satisfied with the 5th step of the above of predetermined conditions. 
[Claim 21] The setting-out approach of the filter factor of an FIR filter according to 
claim 20 which has at least the initialization step which specifies setting out of an FIR 
filter, setting out of a band, the input of the frequency point of arbitration 
[ arbitration ] to make it pass, setting out of an initial extreme point, and the 
magnitude of attenuation of an inhibition zone before performing the 1 st step of the 
above. 

[Claim 22] The setting-out approach of the filter factor of an FIR filter according to 
claim 20 which investigates the minimum magnitude of attenuation in an inhibition 
zone at the 4th step of the above. 

[Claim 23] when the above-mentioned number of taps perform approximation with 
weight to a desired property at the 7th step of the above so that the magnitude of 
attenuation of an inhibition zone may be satisfy using the algorithm which added a 
constraint which pass the frequency point of the arbitration which satisfy the 
magnitude of attenuation of an inhibition zone at immobilization when band setting out 
can be change , it be the setting out approach of the filter factor of an FIR filter 
according to claim 20 of compute the above-mentioned filter factor . 
[Claim 24] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR filter according to claim 23 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which passes the 
frequency point of the arbitration which satisfies the magnitude of attenuation of an 
inhibition zone. 

[Claim 25] An impulse response is the FIR filter which has the tap of arbitration by 
being expressed with finite time amount length and the impulse response concerned 
serving as a filter factor. The above-mentioned number of taps with adjustable [ the 
above-mentioned filter factor ] Band setting out is an FIR filter set up by performing 
approximation with weight to a desired property so that the magnitude of attenuation 
of an inhibition zone may be satisfied using the algorithm which added a constraint 
which passes the frequency point of the arbitration which satisfies the magnitude of 
attenuation of an inhibition zone, when it can change. 

[Claim 26] An impulse response is the setting-out approach of the filter factor of an 
FIR filter which has the tap of arbitration by being expressed with finite time amount 
length and the impulse response concerned serving as a filter factor. The above- 
mentioned number of taps with adjustable When band setting out can be changed, 
using the algorithm which added a constraint which passes the frequency point of the 
arbitration which satisfies the magnitude of attenuation of an inhibition zone so that 
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the magnitude of attenuation of an inhibition zone may be satisfied The setting-out 
approach of the filter factor of the FIR filter which computes the above-mentioned 
filter factor by performing approximation with weight to a desired property. 
[Claim 27] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR filter according to claim 26 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which passes the 
frequency point of the arbitration which satisfies the magnitude of attenuation of an 
inhibition zone. 

[Claim 28] An impulse response is expressed with finite time amount length, and the 
impulse response concerned serves as a filter factor. The number of taps with 
adjustable The 1st step which generates the interpolation polynomial which 
interpolates the amplitude characteristic from the frequency point which band setting 
out is the setting-out approach of the filter factor of the FIR filter which can be 
changed, and you want to pass with the extreme point of the amplitude characteristic 
of a frequency, The 2nd step which determines a new extreme point from the 
amplitude characteristic searched for from the interpolation polynomial obtained at 
the 1 st step of the above, The 3rd step which repeats the 1 st step of the above, and 
the 2nd step, and is ended according to predetermined conditions, The 4th step which 
investigates the magnitude of attenuation of an inhibition zone from the amplitude 
characteristic approximated at the 3rd step of the above, The 5th step which judges 
whether the magnitude of attenuation of the inhibition zone specified as the 
investigated magnitude of attenuation is measured, and the comparison result has 
satisfied predetermined conditions, The 6th step which changes setting out of a band 
when the comparison result of the 5th step of the above has not satisfied 
predetermined conditions, The 7th step which judges whether it can be satisfied with 
the 6th step of the above of the band modification back, and can be satisfied with the 
current number of taps of the magnitude of attenuation of an inhibition zone, The 8th 
step which changes the number of taps when it is judged that it is not satisfied with 
the 7th step of the above, The setting-out approach of the filter factor of an FIR 
filter which has the 9th step which asks for the above-mentioned filter factor from 
the amplitude characteristic approximated by the 3rd step of the above which was 
satisfied with the 5th step of the above of predetermined conditions. 
[Claim 29] The setting-out approach of the filter factor of the FIR filter of claim 28 ** 
which has at least the initialization step which specifies setting out of an FIR filter, 
setting out of a band, the input of the frequency point of arbitration [ arbitration ] to 
make it pass, setting out of an initial extreme point, and the magnitude of attenuation 
of an inhibition zone before performing the 1 st step of the above. 
[Claim 30] The setting-out approach of the filter factor of the FIR filter according to 
claim 28 which investigates the minimum magnitude of attenuation in an inhibition 
zone at the 4th step of the above, and increases the number of taps at the 8th step 
of the above. 



[Claim 31] when the above-mentioned number of taps perform approximation with 
weight to a desired property at the 9th step of the above so that the magnitude of 
attenuation of an inhibition zone may be satisfy using the algorithm which added a 
constraint which pass the frequency point of the arbitration which satisfy the 
magnitude of attenuation of an inhibition zone adjustable when band setting out can 
be change , it be the setting out approach of the filter factor of an FIR filter according 
to claim 28 of compute the above-mentioned filter factor . 

[Claim 32] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR filter according to claim 31 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which passes the 
frequency point of the arbitration which satisfies the magnitude of attenuation of an 
inhibition zone. 

[Claim 33] An impulse response is the FIR filter which has the tap of arbitration by 
being expressed with finite time amount length and the impulse response concerned 
serving as a filter factor. The above-mentioned number of taps by immobilization [ the 
above-mentioned filter factor ] When band setting out can be changed, using the 
algorithm which added a constraint which passes the frequency point of arbitration of 
satisfying the magnitude of attenuation of an inhibition zone, and passing the 
magnitude of attenuation of the assignment frequency of a transient region so that 
the magnitude of attenuation of an inhibition zone may be satisfied The FIR filter set 
up by performing approximation with weight to a desired property. 
[Claim 34] An impulse response is the setting-out approach of the filter factor of an 
FIR filter which has the tap of arbitration by being expressed with finite time amount 
length and the impulse response concerned serving as a filter factor. The above- 
mentioned number of taps by immobilization When band setting out can be changed, 
using the algorithm which added a constraint which passes the frequency point of 
arbitration of satisfying the magnitude of attenuation of an inhibition zone, and passing 
the magnitude of attenuation of the assignment frequency of a transient region so 
that the magnitude of attenuation of an inhibition zone may be satisfied The setting- 
out approach of the filter factor of the FIR filter which computes the above- 
mentioned filter factor by performing approximation with weight to a desired property. 
[Claim 35] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR filter according to claim 34 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which satisfies 
the magnitude of attenuation of an inhibition zone, and passes the magnitude of 
attenuation of the assignment frequency of a transient region and which passes the 
frequency point of arbitration. 

[Claim 36] An impulse response is expressed with finite time amount length, and the 
impulse response concerned serves as a filter factor. The number of taps by 
immobilization The 1 st step which generates the interpolation polynomial which 
interpolates the amplitude characteristic from the frequency point which band setting 



out is the setting-out approach of the filter factor of the FIR filter which can be 
changed, and you want to pass with the extreme point of the amplitude characteristic 
of a frequency, The 2nd step which determines a new extreme point from the 
amplitude characteristic searched for from the interpolation polynomial obtained at 
the 1st step of the above, The 3rd step which repeats the 1st step of the above, and 
the 2nd step, and is ended according to predetermined conditions, The 4th step which 
investigates the magnitude of attenuation of an inhibition zone from the amplitude 
characteristic approximated at the 3rd step of the above, The 5th step which judges 
whether the magnitude of attenuation of the inhibition zone specified as the 
magnitude of attenuation investigated at the 4th step of the above is measured, and 
the comparison result has satisfied predetermined conditions, The- 6th step which 
changes setting out of a band when the comparison result of the 5th step of the 
above has not satisfied predetermined conditions, The 7th step which investigates the 
magnitude of attenuation of the assignment frequency of a transient region which was 
satisfied with the 5th step of the above of predetermined conditions, The 8th step 
which judges whether the magnitude of attenuation of the transient region specified 
as the magnitude of attenuation of the assignment frequency of the transient region 
investigated at the 7th step of the above is measured, and the comparison result has 
satisfied predetermined conditions, The 9th step which changes setting out of a band 
when the comparison result of the 7th step of the above has not satisfied 
predetermined conditions, The setting-out approach of the filter factor of an FIR filter 
which has the 10th step which asks for the above-mentioned filter factor from the 
approximated amplitude characteristic which was satisfied with the 7th step of the 
above of predetermined conditions. 

[Claim 37] The setting-out approach of the filter factor of an FIR filter according to 
claim 36 which has at least the initialization step which specifies the magnitude of 
attenuation in setting out of an FIR filter, setting out of a band, the input of the 
frequency point of arbitration [ arbitration ] to make it pass, setting out of an initial 
extreme point, assignment of the magnitude of attenuation of an inhibition zone, and 
the assignment frequency of a transient region before performing the 1 st step of the 
above. 

[Claim 38] The setting-out approach of the filter factor of an FIR filter according to 
claim 36 which investigates the minimum magnitude of attenuation in an inhibition 
zone at the 4th step of the above. 

[Claim 39] when the above-mentioned number of taps perform approximation with 
weight to a desired property at the 1 0th step of the above so that the magnitude of 
attenuation of an inhibition zone may be satisfy using the algorithm which added a 
constraint which pass the frequency point of arbitration of satisfy the magnitude of 
attenuation of an inhibition zone at immobilization when band setting out can be 
change , and pass the magnitude of attenuation of the assignment frequency of a 
transient region , it be the setting out approach of the filter factor of an FIR filter 



according to claim 36 of compute the above-mentioned filter factor . 
[Claim 40] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR filter according to claim 39 performed to a desired 
property using the REMDZU exchange (Remez Exchange) algorithm which satisfies 
the magnitude of attenuation of an inhibition zone, and passes the magnitude of 
attenuation of the assignment frequency of a transient region and which passes the 
frequency point of arbitration. 

[Claim 41] An impulse response is the FIR filter which has the tap of arbitration by 
being expressed with finite time amount length and the impulse response concerned 
serving as a filter factor. The above-mentioned number of taps with adjustable [ the 
above-mentioned filter factor ] When band setting out can be changed, using the 
algorithm which added a constraint which passes the frequency point of arbitration of 
satisfying the magnitude of attenuation of an inhibition zone, and passing the 
magnitude of attenuation of the assignment frequency of a transient region so that 
the magnitude of attenuation of an inhibition zone may be satisfied The FIR filter set 
up by performing approximation with weight to a desired property. 
[Claim 42] An impulse response is the setting-out approach of the filter factor of an 
FIR filter which has the tap of arbitration by being expressed with finite time amount 
length and the impulse response concerned serving as a filter factor. The above- 
mentioned number of taps with adjustable When band setting out can be changed, 
using the algorithm which added a constraint which passes the frequency point of 
arbitration of satisfying the magnitude of attenuation of an inhibition zone, and passing 
the magnitude of attenuation of the assignment frequency of a transient region so 
that the magnitude of attenuation of an inhibition zone may be satisfied The setting- 
out approach of the filter factor of the FIR filter which computes the above- 
mentioned filter factor by performing approximation with weight to a desired property. 
[Claim 43] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR filter according to claim 42 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which satisfies 
the magnitude of attenuation of an inhibition zone, and passes the magnitude of 
attenuation of the assignment frequency of a transient region and which passes the 
frequency point of arbitration. 

[Claim 44] An impulse response is expressed with finite time amount length, and the 
impulse response concerned serves as a filter factor. The number of taps with 
adjustable The 1st step which generates the interpolation polynomial which 
interpolates the amplitude characteristic from the frequency point which band setting 
out is the setting-out approach of the filter factor of the FIR filter which can be 
changed, and carries out [ amplitude characteristic / of a frequency ] extreme point 
passage, The 2nd step which determines a new extreme point from the amplitude 
characteristic searched for from the interpolation polynomial obtained at the 1 st step 
of the above, The 3rd step which repeats the 1st step of the above, and the 2nd step, 
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and is ended according to predetermined conditions, The 4th step which investigates 
the magnitude of attenuation of an inhibition zone from the amplitude characteristic 
approximated at the 3rd step of the above, The 5th step which judges whether the 
magnitude of attenuation of the inhibition zone specified as the magnitude of 
attenuation investigated at the 4th step of the above is measured, and the 
comparison result has satisfied predetermined conditions, The 6th step which 
changes setting out of a band when the comparison result of the 5th step of the 
above has not satisfied predetermined conditions, The 7th step which judges whether 
it can be satisfied with the 6th step of the above of the band modification back, and 
can be satisfied with the current number of taps of the magnitude of attenuation of 
an inhibition zone, The 8th step which changes the number of taps when it is judged 
that it cannot be satisfied with the 7th step of the above, The 9th step which 
investigates the magnitude of attenuation of the assignment frequency of a transient 
region which was satisfied with the 5th step of the above of predetermined conditions. 
The 10th step which judges whether the magnitude of attenuation of the transient 
region specified as the magnitude of attenuation of the assignment frequency of the 
transient region investigated at the 9th step of the above is measured, and the 
comparison result has satisfied predetermined conditions, The 11th step which 
changes setting out of a band when the comparison result of the 1 0th step of the 
above has not satisfied predetermined conditions, The 12th step which judges 
whether the band modification back is passed at the 1 1th step of the above, and the 
assignment frequency of a transient region can be passed with the present number of 
taps, The 13th step which changes the number of taps when it judges that it cannot 
make it pass at the 1 2th step of the above, The setting-out approach of the filter 
factor of an FIR filter which has the 14th step which asks for the above-mentioned 
filter factor from the approximated amplitude characteristic which was satisfied with 
the 1 0th step of the above of predetermined conditions. 

[Claim 45] The setting-out approach of the filter factor of an FIR filter according to 
claim 44 which has at least the initialization step which specifies the magnitude of 
attenuation in setting out of an FIR filter, setting out of a band, the input of the 
frequency point of arbitration [ arbitration ] to make it pass, setting out of an initial 
extreme point, assignment of the magnitude of attenuation of an inhibition zone, and 
the assignment frequency of a transient region before performing the 1 st step of the 
above. 

[Claim 46] The setting-out approach of the filter factor of the FIR filter according to 
claim 44 which investigates the minimum magnitude of attenuation in an inhibition 
zone at the 4th step of the above, and increases the number of taps at the 8th step 
of the above, and the 1 3th step. 

[Claim 47] when the above-mentioned number of taps perform approximation with 
weight to a desired property at the 14th step of the above so that the magnitude of 
attenuation of an inhibition zone may be satisfy using the algorithm which added a 



constraint which pass the frequency point of arbitration of satisfy the magnitude of 
attenuation of an inhibition zone at immobilization when band setting out can be 
change , and pass the magnitude of attenuation of the assignment frequency of a 
transient region , it be the setting out approach of the filter factor of an FIR filter 
according to claim 44 of compute the above-mentioned filter factor . 
[Claim 48] The above-mentioned weighting approximation is the setting-out approach 
of the filter factor of the FIR filter according to claim 47 performed to a desired 
property using the REMUZU exchange (Remez Exchange) algorithm which satisfies 
the magnitude of attenuation of an inhibition zone, and passes the magnitude of 
attenuation of the assignment frequency of a transient region and which passes the 
frequency point of arbitration. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the setting-out approach of an FIR 

filter required for digital signal processing, and its multiplier. 

[0002] 

[Description of the Prior Art] In digital signal processing of an image or voice, filtering 
is often used. A phase FIR (Finite Impulse Response; finite impulse response) filter is 
well used at least for a straight line from the description that the filter used for the 
filtering has a phase at least for a straight line with the number of taps of finite. 
[0003] Drawing 1 is drawing in which at least a straight line shows the transversal 
mold circuitry of a phase FIR filter. The delay machine 2-1 to 2-n-1 of an individual 
(n-1) with which cascade connection only of this straight line is carried out to an 
input terminal TIN, and it constitutes a shift register as the phase FIR filter 1 is 
shown in drawing 1 , The signal and each delay machine 2-1 to 2~n~1 which were 
inputted into the input terminal TIN n multipliers 3-1 which carry out the 
multiplication of filter factor h (0) - the h (n-1) to an output signal, respectively - 3-n, 
The output signal of n multipliers 3-1 - 3-n is added, and it is an output terminal 
TOUT. It is constituted by the adder 4 to output. 

[0004] As a design method with a as typical phase FIR filter as such a straight line 
For example, Parks and T.W.and The REMUZU exchange (Remez Exchange) algorithm 
with which McClellan, J.H. and Others applied at least the straight line to the phase 
FIR filter is known (J.H.: ). [ Parks, T.W.and McClellan, ] "Chebyshev Approximation 
for Nonrecursive Digital Filters with Linear Phase" and IEEE Trans. Circuit Theory 
and CT-19, 2, pp.1 89-1 94, 1972 and Rabiner, L.R., McClellan, J.H.and Parks, T.W.: 
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"FIR Digital Filter Design Techniques Using Weighted Chebyshev Approximation", 
Proc.IEEE, Vol63, April, pp.595-610, and 1975 Reference. 

[0005] A REMUZU exchange algorithm is an algorithm approximated so that it may 
become ripple forms [ error / with weight / approximation ] to the desired amplitude 
characteristic. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, by the design specification of 
a phase FIR filter, if at least a straight line does not set direct-current gain at the 
time of a frequency w= 0 to 1 , it is learned, and it has a case. 

[0007] However, there are the following technical problems in a REMUZU exchange 
algorithm. That is, as shown in drawing 2 , with a REMUZU exchange algorithm, the 
amplitude characteristic which passes the frequency point of the specified arbitration 
cannot be acquired. 

[0008] This invention is made in view of this situation, and the object is in offering the 
setting-out approach of the FIR filter which can have the frequency response which 
passes the frequency point of arbitration, and its multiplier. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned object, an 
impulse response is expressed with finite time amount length, the impulse response 
concerned serves as a filter factor, and this invention is an FIR filter which is and is 
set up by performing approximation with weight to a desired property using the 
algorithm with which the above-mentioned filter factor added a constraint which 
passes the frequency point of arbitration. 

[0010] Moreover, an impulse response is expressed with finite time amount length, 
and this invention is the setting-out approach of the filter factor of an FIR filter that 
the impulse response concerned serves as a filter factor, and computes the above- 
mentioned filter factor by performing approximation with weight to a desired property 
using the algorithm which added a constraint which passes the frequency point of 
arbitration. 

[001 1] Moreover, in this invention, the above-mentioned weighting approximation is 
performed to a desired property using the REMUZU exchange (Remez Exchange) 
algorithm which passes the frequency point of arbitration. 

[001 2] Moreover, this invention is the setting-out approach of the filter factor of an 
FIR filter that an impulse response is expressed with finite time amount length, and 
the impulse response concerned serves as a filter factor. The 1st step which 
generates the interpolation polynomial which interpolates the amplitude characteristic 
from the extreme point of the amplitude characteristic of a frequency, and the 
frequency point which you want to pass, The 2nd step which determines a new 
extreme point from the amplitude characteristic searched for from the interpolation 
polynomial obtained at the 1 st step of the above, The 1 st step of the above and the 
2nd step are repeated, and it has the 3rd step ended according to predetermined 



conditions, and the 4th step which asks for the above-mentioned filter factor from 
the amplitude characteristic approximated at the 3rd step of the above. 
[0013] In this invention, when it falls within the range which the maximum of an 
approximation error with desired amplitude value specified when it was judged as a 
terminating condition of the 3rd step of the above whether the location of extremal 
value was approximated to request within the limits, for example, the case where the 
number of occurrence set up beforehand is reached can be adopted. 
[0014] Moreover, in this invention/before performing the 1st step of the above, it has 
the initialization step which performs setting out of an FIR filter, setting out of a band, 
input of the frequency point of arbitration [ arbitration ] to make it pass, and setting 
out of an initial extreme point at least. 

[0015] Moreover, by this invention, at the 2nd step of the above, and the 3rd step, the 
whole approximation band is search[ for a rear spring supporter ]-asked for the 
extremal value of the approximation error with weight calculated from the extreme 
point used for interpolation, calculated extremal value is made into a new extreme 
point, and when the location of extremal value will not change, it is judged that optimal 
approximation was acquired. 

[001 6] Moreover, by this invention, the above-mentioned filter factor is computed by 
performing approximation with weight to a desired property at the 4th step of the 
above using the algorithm which added a constraint which passes the frequency point 
of arbitration. 

[0017] Moreover, an impulse response is expressed with finite time amount length, 
and, as for this invention, the impulse response concerned serves as a filter factor. It 
is the FIR filter which has the tap of arbitration. The above-mentioned filter factor 
When the above-mentioned number of taps is made adjustable and a band is fixed, it 
is set up by performing approximation with weight to a desired property using the 
algorithm which added a constraint which passes the frequency point of the 
arbitration which satisfies the magnitude of attenuation of an inhibition zone so that 
the magnitude of attenuation of an inhibition zone may be satisfied. 
[0018] Moreover, an impulse response is expressed with finite time amount length, 
and, as for this invention, the impulse response concerned serves as a filter factor. It 
is the setting-out approach of the filter factor of an FIR filter which has the tap of 
arbitration. When the above-mentioned number of taps is made adjustable and a band 
is fixed, using the algorithm which added a constraint which passes the frequency 
point of the arbitration which satisfies the magnitude of attenuation of an inhibition 
zone so that the magnitude of attenuation of an inhibition zone may be satisfied The 
above-mentioned filter factor is computed by performing approximation with weight to 
a desired property. 

[0019] Moreover, an impulse response is expressed with finite time amount length, the 
impulse response concerned serves as a filter factor, and this invention can change 
the number of taps. The 1st step which generates the interpolation polynomial which 



interpolates the amplitude characteristic from the frequency point which is the 
setting-out approach of the filter factor of an FIR filter that the band is being fixed, 
and you want to pass with the extreme point of the amplitude characteristic of a 
frequency, The 2nd step which determines a new extreme point from the amplitude 
characteristic searched for from the interpolation polynomial obtained at the 1st step 
of the above, The 3rd step which repeats the 1 st step of the above, and the 2nd step, 
and is ended according to predetermined conditions, The 4th step which investigates 
the magnitude of attenuation of an inhibition zone from the amplitude characteristic 
approximated at the 3rd step of the above, The 5th step which judges whether the 
magnitude of attenuation of the inhibition zone specified as the investigated 
magnitude of attenuation is measured, and the comparison result has satisfied 
predetermined conditions, It has the 7th step which asks for the above-mentioned 
filter factor from the amplitude characteristic approximated by the 6th step which 
changes the number of taps when the comparison result of the 5th step of the above 
has not satisfied predetermined conditions, and the 3rd step of the above which was 
satisfied with the 5th step of the above of predetermined conditions. 
[0020] Moreover, the initialization step which specifies setting out of an FIR filter, 
setting out of a band, the input of the frequency point of arbitration [ arbitration ] to 
make it pass, setting out of an initial extreme point, and the magnitude of attenuation 
of an inhibition zone at least in this invention before performing the 1 st step of the 
above. 

[0021] Moreover, this invention investigates the minimum magnitude of attenuation in 
an inhibition zone at the 4th step of the above, and the number of taps is increased at 
the 6th step of the above. 

[0022] Moreover, in this invention, the above-mentioned filter factor is computed by 
performing approximation with weight to a desired property so that it may be satisfied 
with the 7th step of the above of the magnitude of attenuation of an inhibition zone 
using the algorithm which added a constraint which passes the frequency point of the 
arbitration which satisfies the magnitude of attenuation of an inhibition zone, when 
the above-mentioned number of taps is made adjustable and a band is fixed. 
[0023] Moreover, this invention is an FIR filter with which an impulse response is 
expressed with finite time amount length, and the impulse response concerned has 
the tap of arbitration by being a filter factor, and the above-mentioned filter factor is 
[ the above-mentioned number of taps ] immobilization. When it can change, band 
setting out is set up by performing approximation with weight to a desired property 
using the algorithm which added a constraint which passes the frequency point of the 
arbitration which satisfies the magnitude of attenuation of an inhibition zone so that 
the magnitude of attenuation of an inhibition zone may be satisfied. 
[0024] Moreover, this invention is the setting-out approach of the filter factor of an 
FIR filter that an impulse response is expressed with finite time amount length, and 
the impulse response concerned has the tap of arbitration by being a filter factor, and 
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the above-mentioned number of taps is immobilization. When it can change, band 
setting out computes the above-mentioned filter factor by performing approximation 
with weight to a desired property using the algorithm which added a constraint which 
passes the frequency point of the arbitration which satisfies the magnitude of 
attenuation of an inhibition zone so that the magnitude of attenuation of an inhibition 
zone may be satisfied. 

[0025] Moreover, an impulse response is expressed with finite time amount length, as 
for this invention, the impulse response concerned serves as a filter factor, and the 
number of taps is immobilization. The 1st step which generates the interpolation 
polynomial which interpolates the amplitude characteristic from the frequency point 
which band setting out is the setting-out approach of the filter factor of the FIR filter 
which can be changed, and you want to pass with the extreme point of the amplitude 
characteristic of a frequency, The 2nd step which determines a new extreme point 
from the amplitude characteristic searched for from the interpolation polynomial 
obtained at the 1 st step of the above, The 3rd step which repeats the 1 st step of the 
above, and the 2nd step, and is ended according to predetermined conditions, The 4th 
step which investigates the magnitude of attenuation of an inhibition zone from the 
amplitude characteristic approximated at the 3rd step of the above, The 5th step 
which judges whether the magnitude of attenuation of the inhibition zone specified as 
the investigated magnitude of attenuation is measured, and the comparison result has 
satisfied predetermined conditions, It has the 7th step which asks for the above- 
mentioned filter factor from the amplitude characteristic approximated by the 6th 
step which changes setting out of a band when the comparison result of the 5th step 
of the above has not satisfied predetermined conditions, and the 3rd step of the 
above which was satisfied with the 5th step of the above of predetermined conditions. 
[0026] Moreover, the initialization step which specifies setting out of an FIR filter, 
setting out of a band, the input of the frequency point of arbitration [ arbitration ] to 
make it pass, setting out of an initial extreme point, and the magnitude of attenuation 
of an inhibition zone at least in this invention before performing the 1st step of the 
above. 

[0027] Moreover, this invention investigates the minimum magnitude of attenuation in 
an inhibition zone at the 4th step of the above. 

[0028] Moreover, by this invention, at the 7th step of the above, the above-mentioned 
number of taps computes the above-mentioned filter factor by performing 
approximation with weight to a desired property so that it may be satisfied with 
immobilization of the magnitude of attenuation of an inhibition zone using the 
algorithm which added a constraint which passes the frequency point of the 
arbitration which satisfies the magnitude of attenuation of an inhibition zone, when 
band setting out can be changed. 

[0029] Moreover, this invention is an FIR filter with which an impulse response is 
expressed with finite time amount length, and the impulse response concerned has 



the tap of arbitration by being a filter factor, and the above-mentioned filter factor is 
[ the above-mentioned number of taps ] adjustable. When it can change, band setting 
out is set up by performing approximation with weight to a desired property using the 
algorithm which added a constraint which passes the frequency point of the 
arbitration which satisfies the magnitude of attenuation of an inhibition zone so that 
the magnitude of attenuation of an inhibition zone may be satisfied. 
[0030] Moreover, this invention is the setting-out approach of the filter factor of an 
FIR filter that an impulse response is expressed with finite time amount length, and 
the impulse response concerned has the tap of arbitration by being a filter factor, and 
the above-mentioned number of taps is adjustable. When it can change, band setting 
out computes the above-mentioned filter factor by performing approximation with 
weight to a desired property using the algorithm which added a constraint which 
passes the frequency point of the arbitration which satisfies the magnitude of 
attenuation of an inhibition zone so that the magnitude of attenuation of an inhibition 
zone may be satisfied. 

[0031] Moreover, an impulse response is expressed with finite time amount length, as 
for this invention, the impulse response concerned serves as a filter factor, and the 
number of taps is adjustable. The 1 st step which generates the interpolation 
polynomial which interpolates the amplitude characteristic from the frequency point 
which band setting out is the setting-out approach of the filter factor of the FIR filter 
which can be changed, and you want to pass with the extreme point of the amplitude 
characteristic of a frequency, The 2nd step which determines a new extreme point 
from the amplitude characteristic searched for from the interpolation polynomial 
obtained at the 1st step of the above, The 3rd step which repeats the 1st step of the 
above, and the 2nd step, and is ended according to predetermined conditions, The 4th 
step which investigates the magnitude of attenuation of an inhibition zone from the 
amplitude characteristic approximated at the 3rd step of the above. The 5th step 
which judges whether the magnitude of attenuation of the inhibition zone specified as 
the investigated magnitude of attenuation is measured, and the comparison result has 
satisfied predetermined conditions, The 6th step which changes setting out of a band 
when the comparison result of the 5th step of the above has not satisfied 
predetermined conditions, The 7th step which judges whether it can be satisfied with 
the 6th step of the above of the band modification back, and can be satisfied with the 
current number of taps of the magnitude of attenuation of an inhibition zone, When it 
is judged that it is not satisfied with the 7th step of the above, it has the 9th step 
which asks for the above-mentioned filter factor from the amplitude characteristic 
approximated by the 8th step which changes the number of taps, and the 3rd step Of 
the above which was satisfied with the 5th step of the above of predetermined 
conditions. 

[0032] Moreover, the initialization step which specifies setting out of an FIR filter, 
setting out of a band, the input of the frequency point of arbitration [ arbitration ] to 
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make it pass, setting out of an initial extreme point, and the magnitude of attenuation 
of an inhibition zone at least in this invention before performing the 1st step of the 
above. 

[0033] Moreover, this invention investigates the minimum magnitude of attenuation in 
an inhibition zone at the 4th step of the above, and the number of taps is increased at 
the 8th step of the above. 

[0034] Moreover, by this invention, at the 9th step of the above, the above-mentioned 
number of taps computes the above-mentioned filter factor by performing 
approximation with weight to a desired property so that it may be satisfied with 
adjustable of the magnitude of attenuation of an inhibition zone using the algorithm 
which added a constraint which passes the frequency point of the arbitration which 
satisfies the magnitude of attenuation of an inhibition zone, when band setting out can 
be changed. 

[0035] Moreover, this invention is an FIR filter with which an impulse response is 
expressed with finite time amount length, and the impulse response concerned has 
the tap of arbitration by being a filter factor, and the above-mentioned filter factor is 
[ the above-mentioned number of taps ] immobilization. When band setting out can be 
changed, using the algorithm which added a constraint which passes the frequency 
point of arbitration of satisfying the magnitude of attenuation of an inhibition zone, 
and passing the magnitude of attenuation of the assignment frequency of a transient 
region so that the magnitude of attenuation of an inhibition zone may be satisfied It is 
set up by performing approximation with weight to a desired property. 
[0036] Moreover, this invention is the setting-out approach of the filter factor of an 
FIR filter that an impulse response is expressed with finite time amount length, and 
the impulse response concerned has the tap of arbitration by being a filter factor, and 
the above-mentioned number of taps is immobilization. When band setting out can be 
changed, using the algorithm which added a constraint which passes the frequency 
point of arbitration of satisfying the magnitude of attenuation of an inhibition zone, 
and passing the magnitude of attenuation of the assignment frequency of a transient 
region so that the magnitude of attenuation of an inhibition zone may be satisfied The 
above-mentioned filter factor is computed by performing approximation with weight to 
a desired property. 

[0037] Moreover, an impulse response is expressed with finite time amount length, as 
for this invention, the impulse response concerned serves as a filter factor, and the 
number of taps is immobilization. The 1 st step which generates the interpolation 
polynomial which interpolates the amplitude characteristic from the frequency point 
which band setting out is the setting-out approach of the filter factor of the FIR filter 
which can be changed, and you want to pass with the extreme point of the amplitude 
characteristic of a frequency, The 2nd step which determines a new extreme point 
from the amplitude characteristic searched for from the interpolation polynomial 
obtained at the 1 st step of the above, The 3rd step which repeats the 1 st step of the 



above, and the 2nd step, and is ended according to predetermined conditions, The 4th 
step which investigates the magnitude of attenuation of an inhibition zone from the 
amplitude characteristic approximated at the 3rd step of the above, The 5th step 
which judges whether the magnitude of attenuation of the inhibition zone specified as 
the magnitude of attenuation investigated at the 4th step of the above is measured, 
and the comparison result has satisfied predetermined conditions, The 6th step which 
changes setting out of a band when the comparison result of the 5th step of the 
above has not satisfied predetermined conditions, The 7th step which investigates the 
magnitude of attenuation of the assignment frequency of a transient region which was 
satisfied with the 5th step of the above of predetermined conditions, The 8th step 
which judges whether the magnitude of attenuation of the transient region specified 
as the magnitude of attenuation of the assignment frequency of the transient region 
investigated at the 7th step of the above is measured, and the comparison result has 
satisfied predetermined conditions, It has the 9th step which changes setting out of a 
band when the comparison result of the 7th step of the above has not satisfied 
predetermined conditions, and the 10th step which asks for the approximated 
amplitude characteristic which was satisfied with the 7th step of the above of 
predetermined conditions to the above-mentioned filter factor. 

[0038] Moreover, in this invention, before performing the 1st step of the above, it has 
the initialization step which specifies the magnitude of attenuation in setting out of an 
FIR filter, setting out of a band, the input of the frequency point of arbitration 
[ arbitration ] to make it pass, setting out of an initial extreme point, assignment of 
the magnitude of attenuation of an inhibition zone, and the assignment frequency of a 
transient region at least. 

[0039] Moreover, this invention investigates the minimum magnitude of attenuation in 
an inhibition zone at the 4th step of the above. 

[0040] Moreover, by this invention, at the 10th step of the above, the above- 
mentioned number of taps computes the above-mentioned filter factor by performing 
approximation with weight to a desired property so that it may be satisfied with 
immobilization of the magnitude of attenuation of an inhibition zone using the 
algorithm which added a constraint which passes the frequency point of arbitration of 
satisfying the magnitude of attenuation of an inhibition zone, and passing the 
magnitude of attenuation of the assignment frequency of a transient region, when 
band setting out can be change. 

[0041] Moreover, this invention is an FIR filter with which an impulse response is 
expressed with finite time amount length, and the impulse response concerned has 
the tap of arbitration by being a filter factor, and the above-mentioned filter factor is 
[ the above-mentioned number of taps ] adjustable. When band setting out can be 
changed, using the algorithm which added a constraint which passes the frequency 
point of arbitration of satisfying the magnitude of attenuation of an inhibition zone, 
and passing the magnitude of attenuation of the assignment frequency of a transient 



region so that the magnitude 1 of attenuation of an inhibition zone may be satisfied It is 
set up by performing approximation with weight to a desired property. 
[0042] Moreover, this invention is the setting-out approach of the filter factor of an 
FIR filter that an impulse response is expressed with finite time amount length, and 
the impulse response concerned has the tap of arbitration by being a filter factor, and 
the above-mentioned number of taps is adjustable. When band setting out can be 
changed, using the algorithm which added a constraint which passes the frequency 
point of arbitration of satisfying the magnitude of attenuation of an inhibition zone, 
and passing the magnitude of attenuation of the assignment frequency of a transient 
region so that the magnitude of attenuation of an inhibition zone may be satisfied The 
above-mentioned filter factor is computed by performing approximation with weight to 
a desired property. 

[0043] Moreover, an impulse response is expressed with finite time amount length, as 
for this invention, the impulse response concerned serves as a filter factor, and the 
number of taps is adjustable. The 1st step which generates the interpolation 
polynomial which interpolates the amplitude characteristic from the frequency point 
which band setting out is the setting-out approach of the filter factor of the FIR filter 
which can be changed, and carries out [ amplitude characteristic / of a frequency ] 
extreme point passage, The 2nd step which determines a new extreme point from the 
amplitude characteristic searched for from the interpolation polynomial obtained at 
the 1st step of the above, The 3rd step which repeats the 1st step of the above, and 
the 2nd step, and is ended according to predetermined conditions, The 4th step which 
investigates the magnitude of attenuation of an inhibition zone from the amplitude 
characteristic approximated at the 3rd step of the above, The 5th step which judges 
whether the magnitude of attenuation of the inhibition zone specified as the 
magnitude of attenuation investigated at the 4th step of the above is measured, and 
the comparison result has satisfied predetermined conditions, The 6th step which 
changes setting out of a band when the comparison result of the 5th step of the 
above has not satisfied predetermined conditions, The 7th step which judges whether 
it can be satisfied with the 6th step of the above of the band modification back, and 
can be satisfied with the current number of taps of the magnitude of attenuation of 
an inhibition zone, The 8th step which changes the number of taps when it is judged 
that it cannot be satisfied with the 7th step of the above, The 9th step which 
investigates the magnitude of attenuation of the assignment frequency of a transient 
region which was satisfied with the 5th step of the above of predetermined conditions, 
The 1 0th step which judges whether the magnitude of attenuation of the transient 
region specified as the magnitude of attenuation of the assignment frequency of the 
transient region investigated at the 9th step of the above is measured, and the 
comparison result has satisfied predetermined conditions, The 11th step which 
changes setting out of a band when the comparison result of the 1 0th step of the 
above has not satisfied predetermined conditions, The 12th step which judges 
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whether the band modification back is passed at the 1 1th step of the above, and the 
assignment frequency of a transient region can be passed with the present number of 
taps, It has the 13th step which changes the number of taps when it judges that it 
cannot make it pass at the 12th step of the above, and the 14th step which asks for 
the approximated amplitude characteristic which was satisfied with the 1 0th step of 
the above of predetermined conditions to the above-mentioned filter factor. 
[0044] Moreover, in this invention, before performing the 1st step of the above, it has 
the initialization step which specifies the magnitude of attenuation in setting out of an 
FIR filter, setting out of a band, the input of the frequency point of arbitration 
[ arbitration ] to make it pass, setting out of an initial extreme point, assignment of 
the magnitude of attenuation of an inhibition zone, and the assignment frequency of a 
transient region at least. 

[0045] Moreover, this invention investigates the minimum magnitude of attenuation in 
an inhibition zone at the 4th step of the above, and the number of taps is increased at 
the 8th step of the above, and the 13th step. 

[0046] Moreover, by this invention, at the 14th step of the above, the above- 
mentioned number of taps computes the above-mentioned filter factor by performing 
approximation with weight to a desired property so that it may be satisfied with 
immobilization of the magnitude of attenuation of an inhibition zone using the 
algorithm which added a constraint which passes the frequency point of arbitration of 
satisfying the magnitude of attenuation of an inhibition zone, and passing the 
magnitude of attenuation of the assignment frequency of a transient region, when 
band setting out can be change. 

[0047] According to this invention, the frequency point of arbitration [ arbitration ] to 
make it passing is inputted by initial setting, and setting out of a phase FIR filter, 
setting out of a band, setting out of the multiplier of a pre-filter, and setting out of an 
initial extreme point are performed at least for a straight line, for example. Next, the 
interpolation polynomial which interpolates the amplitude characteristic from a current 
extreme point and the frequency point of arbitration [ arbitration ] to make it pass is 
generated. Next, a new extreme point is determined from the amplitude characteristic 
searched for from the generated interpolation polynomial. It is judged whether these 
were repeated, for example, the location of extremal value was approximated to 
request within the limits. And a filter factor is called for from the approximated 
amplitude characteristic. 
[0048] 

[Embodiment of the Invention] Hereafter, it relates with a drawing and the gestalt of 
operation of this invention is explained. 

[0049] It is possible to take transversal mold circuitry as shown in drawing 1 as 
equivalent [ a phase FIR filter ] as the straight line concerning this invention. However, 
filter coefficient h is a Chebyshev approximation problem (Chebyshev approximation 
problem) so that it may explain in full detail below. The REMUZU exchange (Remez 



Exchange) algorithm to solve is extended. Chebyshev approximation of the desired 
amplitude characteristic is carried out, and to pass the frequency point of arbitration 
is asked from the approximated amplitude characteristic. 

[0050] Hereafter, about the concrete approach of multiplier setting out of at least the 
straight line concerning this invention of a phase FIR filter, it relates with a drawing 
and order is explained later on. In the following explanation, the number of the 
frequency point of arbitration [ arbitration ] to make it passing in a frequency domain 
is expressed as Np. 

[0051] Since transfer function [ of a phase FIR filter ] K (z) has a phase at least for a 
straight line as shown in drawing 3 , in the case of four, at least a straight line is 
classified. It is classified into four case of 4 when symmetrical with the even number 
tap specifically shown in 3 and drawing 3 (D) when symmetrical with the odd number 
tap shown in 2 and drawing 3 (C) when symmetrical with the even number tap shown 
in 1 and drawing 3 (B) when symmetrical with the odd number tap shown in drawing 3 
(A), and **, and **, and **, and **. 

[0052] and the amplitude characteristic function H (ejw) — a case — 1 — leaving as 

it is — a case — 2-4 — as follows — rewriting . 

[0053] 

[Equation 1] 
(L-l)/2 

E a(n)cos(na>) (1-1) 



E b(n)cos{(n-i)<o) 

n= 1 

=cos( f )X b(n)cos(na>) (1 " 2) 

n=0 

(L-l)/2 

E c(n)sin(nco) 

n=1 (L-3)/2 

=sin(a>) E c(n)cos(nCu) (1-3) 
E d(n)sin{(n-i)6)} 

" =1 1V2-1 

=sin(f)E <T(n)cos(na)) (1-4) 

[0054] That is, the amplitude characteristic function H (ejw) is expressed with a 
product with the cosine series P (ejw) containing Function Q (ejw) and the design 
parameter of the fixed parameter shown in drawing 4 . Henceforth, the upper limit of 



each type (1-1) - (formula 1-4) the sum will be expressed as R-1+2xNp. That is, R is 
calculated like drawing 4 . Moreover, a (n); ~b (n);~c (n); ~d (n) It is named p (n) 
generically. 

[0055] When considering as the desired amplitude characteristic D (ejw) and setting 

weight to each frequency to W (ejw), the approximation error with weight is defined as 

follows. 

[0056] 

[Equation 2] 

E(e'")« W(e |a, ){D(e^)-H(e^)} (2) 

[0057] 
[Equation 3] 

H(e' w )=Q(e' w )-P(e it0 ) (3) 

[0058] It is as follows when a formula (3) is substituted for a formula (2). 

[0059] 

[Equation 4] 

E(c'*) = flr(e J "){6(e'") -P(e i<u )} (4) 

[0060] However, ~W (ejw) and "D (ejw) presuppose that it is as follows. 

[0061] 

[Equation 5] 

W(e jM )»W(e''*)-Q(e J <') (5) 

[0062] 
[Equation 6] 

D ( e "°) 

[0063] a formula (4) — a case — 1- case — 4 — at least the straight line in four 
expresses the approximation error with weight of a phase FIR filter. The Chebyshev 
approximation problem with weight is a (n) of formula (1-1) - (1-4) which makes min 
maximum of |E(ejw) | in the area within an assigned frequency band in a formula (2).; 
~b(n);~c(n);~d (n) It is determining. 

[0064] It relates with an example hereafter and explains. Here, as shown in the 
following type and drawing 5 , the amplitude characteristic D (ejw) is defined. 
[0065] 
[Equation 7] 

D(e jw ) = l <g&^± <5 iJ£Af*J. 0 <co<cop) 

D(e ,tu ) = 0 (£IM± dzZm. cos <co<tc) < 7) 



[0066] However, when R is given, it is delta 1 and delta 2. The ratio can be specified 
although a value cannot be specified as arbitration. W (ejw) is W2 at constant value 
W1 and an inhibition zone in a pass band. It carries out and is W1. deltal =W2 delta 2 
It chooses so that it may be materialized. For example, W1 =1, W2 =delta1 / delta 2 It 
chooses. The following alternation theorem is realized at this time. 
[0067] a theorem (R-1) — a necessary and sufficient condition for the following 
cosine series P (ejw) to be the Chebyshev approximation with the best weight to an 
objective characteristic in the section (0 pi) of w — (1) the frequency in which E (ejw) 
takes a time and extremal value at least (R+1) in the section (0 pi) — wO — < — w1 

- < — w2 — < .. < — wR-1 <wR ** — it carries out. 

(2) It is that the absolute value of all extremal value is [ whose signs of adjacent 
extremal value differ ] equal. That is, the following conditions are satisfied. 
[0068] 
[Equation 8] 

E(e' w, )-E(e JW,H ) <0 (i=0. 1.....R -1) 

|E(e ,w, )| m |E(e ,(u ")| (i=0. 1, . . . '. R- 1) (8) 

[0069] Therefore, |E(ejwi) | is equal to the maximum of |E(ejw) | within the section. 
[0070] The REMUZU exchange algorithm (Remez Exchange Algorithm) based on an 
alternation theorem is in the technique of obtaining best Chebyshev approximation 
(refer to Rabiner, L.R., McClellan, J.H.andParks, T.W.: "FIR Digital Filter Design 
Techniques Using Weighted Chebyshev Approximation", Proc.IEEE, Vol 63, April, 
pp.595-610, and 1975). Chebyshev approximation of the desired amplitude 
characteristic is carried out in a frequency domain, and, as for a REMUZU exchange 
algorithm, at least a straight line asks for the multiplier of a phase FIR filter from the 
approximated amplitude characteristic so that the frequency point of arbitration may 
be passed. 

[0071] Drawing 6 is the flow chart of the REMUZU exchange algorithm which passes 
the frequency point of the arbitration concerning this invention. The REMUZU 
exchange algorithm which passes the frequency point of concrete arbitration is as 
follows. 

[0072] As shown in stepO drawing 6 , initial setting is performed first (F101). In this 
initial setting, at least a straight line performs input and setting out of an initial 
extreme point for setting but of a phase FIR filter, setting out of a band, and the 
arbitration frequency point that you want to pass. The item set up concretely is as 
follows. 

- They are the number of taps, that a phase FIR filter is as symmetrical with ** as - 
straight line, or the number of a ** symmetrical and - bands, the frequency of the 
ends of - each band, the amplitude value of a request of - each band and weighting to 

- each band, and the frequency and amplitude value (wR+1, D (ejwR+1), i= 1, Np) of 



\ ' 

a point to make it pass. [ amplitude value ] 

- Frequency w which becomes extremal value in an approximation band (0) = wk (0) 
(k= 0, ... R) 

However, right superscript (i) The count of a repeat is expressed. 

[0073] stepl, next the Lagrange interpolation polynomial which interpolates the 

amplitude characteristic from a current extreme point are generated (F102). The 

necessary and sufficient condition from which the performance index of Chebyshev 

approximation shown by the above-mentioned formula (2) becomes min is shown by 

the alternation theorem, then, a basis [ theorem / alternation ] — carrying out — 

approximation error [ from the amplitude characteristic of the request in each 

extreme point ] with weight delta (i) It is equal, and it asks for following parameter p 

(n) so that a sign may carry out alternation. 

[0074] 

[Equation 9] 

P(e ,,a ) POO cos(n6>) (9) 

[0075] Namely, frequency point w (i) = wk (i) (k= 0, ... R) The approximation error with 

weight of the formula (4) which can be set satisfies a degree type. 

[0076] 

[Equation 10] 

W(c JW?, ){D(e^ S, )-P(e ,<,>?> ) }=(-l) k a w <k=0, 1 R) (10) 

[0077] It is a right superscript (i) because of the following and simplification. It omits. 

It is as follows when a formula (1 0) is transformed. 

[0078] 

[Equation 11] 

P(e'"')+ { Z l \ 6 - D(c i<a ') 
v ' W(e JWt ) 

gp(n)cos(nco0 + ^|^=D(e^) (k=0, 1. .... R) (11) 

[0079] The equality of a frequency point which a formula (1 1) wants to pass as 

constraint in a frequency domain is added. 

[0080] 

[Equation 12] 



P(e' Wk ) 



= D(e jtt,k ) 



£ p(n) cos(nco k ) = D(e J "'), < k = R+1 



R+Nd) 



(12) 



n=0 



[0081] It is as follows when matrix representation of a formula (1 1) and the formula 

(12) is carried out. 

[0082] 

[Equation 13] 

1 cos(a>o) cos(2tOo) ... cos((R-l)c0«) 

1 cos(coi) cos(2a)i) ... cos((R-l)coi) 



1 cos(o)i-!) cos(2o>r-i) cos((R-l)(Mi-i) 



#(e ,w *-') 

(-ly 



P(0) 

p(l) 



1 cos(wr) cos(2cor) ... cgs((R-1)cor) 
1 cos((Oa+0 cos(26)r+i) ••• cos((R-1)wr+i) 




W(e ,w ') 
0 



1 COS(6)ttHp) COS(20)R4Hp) COS((R-l)COR4Mp) 



0 



D(e J »') 



(13) 



D(e'--') 
5<c'—) 



D(e i<0i "') 



[0083] However, since solving this formula has dramatically much computational 

complexity, it asks for delta analytically first. 

[0084] 

[Equation 14] 



fi=— ^ (14) 

E(-l) j aj/W(e lw ') 

[0085] 

[Equation 15] 

ak= n-(^r < 15 > 

[0086] 

[Equation 16] 

Xj = cos(coj) (16) 

[0087] alphak !t is the complementary function of the element of the k line (R+1) train 
of Matrix F. However, a formula (5) and a formula (6) are used for ~W (ejw) and "D 
(ejw). respectively. Next, it sets like a degree type using this delta. 
[0088] 

[Equation 17] 

Cl= D(c-)-(-l)V^ (17) 
(k=0,...,R) 

[0089] 

[Equation 18] 

Ck=D(e ,w % (k=R+1,...,R+N P ) (18) 

[0090] In order to search for the amplitude characteristic of frequencies other than 
an extreme point, the Lagrange interpolation polynomial will be used this time as an 
interpolation polynomial interpolated using an extreme point and the frequency point 
which you want to pass. Namely, the Lagrange interpolation polynomial is used for P 
(ejw), and it is wk (k= 0, ... R+Np) (calculated by carrying out interpolation which takes 
a value Ck.). 
[0091] 

[Equation 19] 

P(e '° )= "/XT <19> 

£ V x-Xk) 



[0092] 

[Equation 20] 



(20) 



[0093] 

[Equation 21] 
x = cos(cu) 



(21) 



[0094] This result is equivalent to having solved the formula (1 3). 
[0095] It judges [ be / it / the no by which asking for a new extreme point, and (F103) 
and optimal approximation were acquired from the amplitude characteristic searched 
for from step2 interpolation polynomial ] (F104). Each extreme point wk as a result of 
the above-mentioned stepl It does not necessarily become the extremal value of the 
error function E with weight (ejw), but is |E(ejw) |>delta (i). The becoming point may 
exist. Then, new extreme point w (i+1) It determines from the all-points simultaneous 
changing method. 

The all-points simultaneous changing method: Ask the whole approximation band for 
the extremal value of the approximation error with weight calculated from the extreme 
point used for interpolation the search for a rear spring supporter based on a degree 
type, and it is new extreme point w (i+1) =wk (i+1) about it (k= 0, 1, .., R). It carries out 
and returns to processing of stepl . 
[0096] 

[Equation 22] 



[0097] When the location of extremal value will not change, suppose that optimal 
approximation was acquired. This is the terminating condition of a repeat and it 
progresses to the following processing of step3. 

[0098] Drawing 7 is the conceptual diagram of the all-points changing method. When it 
explains briefly, the extreme point which the black dot in drawing 7 used for 
interpolation is expressed, and the approximation error E with weight (ejw) searched 
for from this extreme point is equivalent to a continuous line. Although the value of 
the approximation error with weight in the extreme point of a black dot serves as a 
white round head as shown in drawing 7 (A), actual extremal value is a square and 
shown frequency. Then, it is square and returns to processing of stepl by making the 
shown frequency into a new extreme point. Moreover, since the frequency of the 
extreme point used for interpolation and actual extremal value has shifted as shown in 
drawing 7 (B), it returns to processing of stepl by making the square and shown 
frequency into a new extreme point. And the extreme point used for interpolation as 
shown in drawing 7 (C) and the extreme point of a actual approximation error with 




(22) 



weight (white round head) Similarly a repeat is ended at the time of ****. 

[0099] At least a straight line asks for the multiplier of a phase FIR filter from the 

amplitude characteristic approximated step3 (F1 05). It asks from a degree type 

instead of asking from p (n). in case it asks for impulse response [ of N tap ] h (n) 

from the optimal-approximation function P (ejw). 

[0100] 

[Equation 23] 

H(e , -) = P(i , ")-Q(e'-) (23) 



&{H(0) + 2E (-l) k H(^k)co S (^ k (n + i))| (24) 
[0102] 

[Equation 25] 

h (n) ("l) kH (T^(k+i))sm(^(k+iXn+4)) (25) 

[0103] 

[Equation 26] 

N-l 

M«0 = - § E (-l) k H (^k) sin (TT k(n+ ^) < 26 > 
[0104] 

[Equation 27] 

h <») = ft E (" 1 ) kH (^(k+i))cos(^(k + i)(n + i)) (27) 

[0105] When there is no frequency point of arbitration [ arbitration ] to make it pass 
and it is Np=0, it is the same as the usual REMUZU exchange algorithm. 
[0106] Drawing 8 is drawing showing the frequency response of the low pass filter set 
up with the REMUZU exchange algorithm extended to the specification shown below 
so that the frequency point of arbitration might be passed. 

[01 07] a specification and number of taps; — 24 taps and - symmetric property ; 
[symmetrical with ** — 0108] 



[0101] 

[Equation 24] 

h(n) = 



[A table 1] 











1 


0 < IV < 0-37T 


3 


1 


2 


0.5ir < i/; < w 


0 


1 



[0109] 
[A table 2] 







w = 0 


3- 


w = 2n/3 


0 



[01 10] Drawing showing the frequency response which displayed drawing 8 (A) by the 
decibel, drawing showing the frequency response which displayed drawing 8 (B) with 
the value as it is, drawing where drawing 8 (C) expanded the gain 3 neighborhood, and 
drawing 8 (D) are drawings which expanded the gain 0 neighborhood. Moreover, the 
continuous line shows among drawing the frequency characteristics acquired 
eventually. Moreover, a dotted line shows the break of a band and the black dot 
shows the specified frequency point. 

[01 1 1] The low pass filter set up with the REMUZU exchange algorithm extended so 
that the frequency point of the arbitration concerning this operation gestalt might be 
passed from drawing 8 especially drawing 8 (C), and (D) can check having passed the 
specified frequency point. 

[0112] Next, the algorithm with which it is satisfied of the magnitude of attenuation of 
the specified inhibition zone as a modification is explained. This algorithm is the 
magnitude of attenuation (approximation error with weight) of the specified inhibition 
zone to the low pass filter whose number of bands is 2, or a high pass filter using the 
REMUZU exchange algorithm which passes the frequency point of arbitration. It is the 
algorithm to satisfy. In addition, in the following explanation, although described 
supposing a low pass filter, a "pass band" and a "inhibition zone" become reverse to 
apply to a high pass filter. 

[01 13] As an approach for satisfying the magnitude of attenuation of an inhibition 
zone, three kinds of approaches shown below exist. The 1 st is the terminal point 
frequency wp of a pass band. Adjustable and starting point frequency ws of an 
inhibition zone They are immobilization and the approach which considers the number 
of taps as immobilization. The 2nd is the terminal point frequency wp of a pass band. 
Immobilization and starting point frequency ws of an inhibition zone It is the approach 
which considers adjustable and the number of taps as immobilization. The 3rd is the 
terminal point frequency wp of a pass band. Immobilization and starting point 
frequency ws of an inhibition zone They are immobilization and the approach which 
makes the number of taps adjustable. 



[01 14] the following and the 1st, 2nd, and 3rd approaches — a drawing — relation — 
the price — **** is explained later on. 

[01 15] The magnitude of attenuation dBs of the inhibition zone specified in the 1st 
approach **** and one-eyed approach Terminal point frequency wp of the largest 
pass band to satisfy It will ask. Drawing 9 is drawing showing the flow chart of the 
algorithm which asks for the filter with which are satisfied of the magnitude of 
attenuation of an inhibition zone. Drawing 10 is the algorithm which asks for a filter 
with the terminal point frequency of the largest pass band with which are satisfied of 
the magnitude of attenuation of an inhibition zone, and shows the parameter (variable) 
which becomes free, and the parameter (variable) fixed. 

[01 16] Here, it is as follows when the parameter which becomes free with this 
algorithm, the object, and the principles of an algorithm are enumerated. 

* free parameter: Terminal point frequency wp of a pass band it is . 

* Object: Terminal point frequency wp of the largest pass band with which are 
satisfied of the magnitude of attenuation of the specified inhibition zone The filter 
which it has is obtained. 

* Principle: The starting point frequency of a pass band and the frequency of the 
ends of an inhibition zone are immobilization, and the terminal point frequency of a 
pass band is a free parameter. At the Chebyshev approximation by the REMUZU 
exchange algorithm, it is the terminal point frequency wp of - pass band. Starting 
point frequency ws of an inhibition zone The magnitude of attenuation of -> inhibition 
zone keeping away becomes large. 

- Terminal point frequency wp of a pass band Starting point frequency ws of an 
inhibition zone The magnitude of attenuation of -> inhibition zone which approaches 
becomes small. 

namely, starting point frequency ws of an inhibition zone from — frequency w p (pre) 
near [ a far frequency (w= 0 neighborhood) ] the starting point frequency of w p (cur) 
and an inhibition zone Location wp of the terminal point frequency of the largest pass 
band with which are satisfied of the magnitude of attenuation which prepared as an 
initial frequency and was specified using the split half method It asks. In addition, 
although the most efficient approach is the dividing-into the golden section method in 
the linear search method of such a parameter, an understanding of an algorithm has 
adopted the easy split half method here. 

[01 17] The content of each step processings F102. F103, F104, and F105 of the 
algorithm explained to drawing 9 and the following is the same as the REMUZU 
exchange algorithm which passes the frequency point of the arbitration which was 
associated and was explained to drawing 6 . Therefore, the same sign as drawing 6 is 
used about these processings. 

[01 18] As shown in step10 drawing 9 . initial setting is performed first (F201). In this 
initial setting, at least a straight line sets up an input, setting out of an initial extreme 
point, assignment of the magnitude of attenuation of an inhibition zone, and the initial 



frequency of a split half method for setting out of a phase FIR filter, setting out of a 
band, and the frequency point of arbitration [ arbitration ] to make it pass. The item 
set up concretely is as follows. 

- The number of taps, as symmetrical [ a phase FIR filter ] with ** as - straight line 
or a ** symmetrical, The number of bands - Two pieces, the starting point frequency 
of - pass band, the gain of - pass band, the frequency of the ends of - inhibition zone, 

- The gain of an inhibition zone, weighting to - pass band and an inhibition zone, the 
frequency of the point which you want to pass, and the magnitude of attenuation dBs 
(that is, the magnitude delta 2 of the ripple of an inhibition zone is pointed out) of 
amplitude value and - inhibition zone Frequency w which becomes extremal value in - 
approximation band (0) = wk (0) (k= 0, ... R) 

However, right superscript (i) The count of a repeat is expressed. 

[01 19] Moreover, drawing 1 1 is drawing showing the initial frequency of the split half 

method in the algorithm which asks for a filter with the terminal point frequency of 

the largest pass band with which are satisfied of the magnitude of attenuation of an 

inhibition zone. As shown in drawing 11 , in this example, the following values are 

given as an initial frequency of a split half method. 

[0120] 

[Equation 28] 

co ( p pie) [0] = m±&(Dte&mtii$k<DjEm 

o> l r ) [0) = mmw<nte&mWi®<nK® (28) 

[0121] wp [t] which is back A part shall express the number of cycles. Here, it is a 
frequency w p (pre). [0] The minimum magnitude of attenuation [ in'/ the REMUZU 
exchange algorithm which receives and passes the frequency point of arbitration is 
performed, and / an inhibition zone ] dB (pre) [0] The following steps are explained 
asking. 

[0122] The REMUZU exchange algorithm which passes the frequency point of stepl 1 
arbitration is performed (F102, F103. F104). Specifically by processing F102. it is w p 
(cur), [t] Generation is generated for the interpolation polynomial which interpolates 
the amplitude characteristic from the extreme point at the time, and the frequency 
point which you want to pass. Subsequently, in processing F103, a new extreme point 
is determined from the amplitude characteristic searched for from the interpolation 
polynomial. And a repeat judgment of a REMUZU exchange algorithm is made in 
processing F1 04. 

[0123] stepl 2, next the magnitude of attenuation of an inhibition zone are 
investigated (F206). The minimum magnitude of attenuation [ in / using the 
interpolation polynomial for which it asked by processing F102 / an inhibition zone ] 
dB s (the greatest approximation error delta 2 with weight) (cur) [t] 'It investigates. 
[0124] The comparison with stepl 3. next the magnitude of attenuation of the 



specified inhibition zone is performed (F207). Specifically, it is the magnitude of 
attenuation dBs of the specified inhibition zone. When it compares and the following 
type (29) or the formula (30) is satisfied, it shifts to processing of step15 (F105). 
When not satisfied, it shifts to processing of step14 (F208). 
[0125] 

[Equation 29] 

IdBT'ltl-dB^E! (29) 
[0126] 

[Equation 30] 

\<J?^]-<o<?°Xl]\<S2 (30) 

[0127] However, epsilon 1 epsilon 2 The very small value is carried out. 
[0128] The magnitude of attenuation dBs of the inhibition zone specified step14 In a 
comparison, when the above-mentioned formula (29) or the formula (30) is not 
satisfied, setting out of a band is changed (F208). Specifically, it is the terminal point 
frequency w p (cur) of a new pass band, [t+1] It sets up. The case of the first loop 
formation, and in the case of the loop formation after a two-times eye, it divides as 
the setting-up method, and explains. 

[01 29] In the first time : the first case, three cases shown in drawing 1 2 can be 
considered. Namely, frequency w p (pre) [0] w p (cur) [0] It receives and the case 
shown in drawing 1 2 (A), (B), and (C) can be considered. The case shown in drawing 
12 (A) is a case where the magnitude of attenuation which specified both is satisfied. 
In this case, starting point frequency ws of an inhibition zone Near frequency w p 
(pre) [0] It considers as a solution and progresses to processing of step15. The case 
shown in drawing 1 2 (B) is a case where the magnitude of attenuation which specified 
both is not satisfied. In this case, in the present number of taps, since the specified 
magnitude of attenuation is unrealizable, that is displayed and it ends. The case 
shown in drawing 12 (C) is a case where the magnitude of attenuation only specified 
by one of the two is satisfied. In this case, it carries out like the following type (31), 
and shifts to processing of stepl 1. In addition, with how to give this initial frequency 
point, it is w p (pre). [0] It is satisfied and is w p (cur). [0] The case which is not 
satisfied does not exist. 
[0130] 

[Equation 31] 

W r ) [ij=<or ) [oj 

co ( P C0,) [1] =0. 5 X ( q}™\0]+ a>f e) [0]) 
dB (pre) [l] = dB (cur) [0] < 31 > 



[0131] A two-times eye or subsequent ones: In after a two-times eye, two cases 



shown in drawing 1 3 can be considered. It sets to how to decide the new frequency 
after a two-times eye, and is w p (pre). The magnitude of attenuation dBs surely 
specified as [t+1] The frequency to satisfy is saved. Frequency w p (pre) [t] w p (cur) 
[t] It receives and the case shown in drawing 13 (A) and (B) can be considered. The 
case shown in drawing 13 (A) is a case where the magnitude of attenuation only 
specified by one of the two is satisfied. In this case, it carries out like the following 
type (32), and shifts to the following processing of stepl 1. In addition, it is always w p 
(pre), [t] Since the frequency with which were satisfied of the specified magnitude of 
attenuation comes, it is wp (pre), [t] The case which is not satisfied does not exist. 
[0132] 

[Equation 32] 

co ( P p,e) [t+i] =o) ( p p,e) rt] 

O+ll =0.5X« ,, [t]+wr ) ltJ) (32) 
dB (p,e) [t+i] = dB (pre) [t] 

[0133] The case shown in drawing 13 (B) is a case where the magnitude of 
attenuation which specified both is satisfied. In this case, it carries out like the 
following type (33), and shifts to the following processing of stepl 1. 
[0134] 

[Equation 33] 

co (p,e) [t+i] = o> ( ; uf> [ij 

a)7 0 [i+l] = w c ; or) [t]+0. 5X (co^tl-co^M) (33) 
dB (pTe) [t+lj = dB (CUT) [t] 

[01 35] At least a straight line asks for the multiplier of a phase FIR filter from the 
amplitude characteristic approximated stepl 5 (F105). That is, at least a straight line 
asks for the multiplier of a phase FIR filter from the amplitude characteristic acquired 
eventually. 

[0136] Drawing 1 4 is drawing showing the frequency response characteristic of the 
low pass filter obtained by the algorithm which asks for "a filter with the terminal 
point frequency of the greatest pass band with which are satisfied of the magnitude 
of attenuation of an inhibition zone." Drawing showing the frequency response which 
displayed drawing 14 (A) by the decibel, drawing showing the frequency response 
which displayed drawing 1 4 (B) with the value as it is, drawing where drawing 14 (C) 
expanded the gain 3 neighborhood, and drawing 14 (D) are drawings which expanded 
the gain 0 neighborhood. 

[0137] The basic algorithm in this case, a variable to ask, and the assignment 
frequency point are as follows. 

[0138] Basic algorithm: It is the REMUZU exchange algorithm which passes the 



frequency point of arbitration. 

- terminal point frequency wp of a variable:pass band to ask for -40dB or less of 
magnitude of attenuation of 24 taps, ** symmetrical, and an inhibition zone it is . 
[0139] 
[A table 3] 

i< IT 







¥>JW 


.nr.* 




0 < w < iu p 


3 


1 




0.5k < W < TT 


0 


1 



[0140] 
[A table 4] 



mm®. 




' w = 0 


3 


w — 2tt/3 


0 



[0141] In addition, the continuous line shows the frequency response of a low pass 
filter with the terminal point frequency of the greatest pass band with which are 
satisfied of the magnitude of attenuation of an inhibition zone in drawing 14 . 
Moreover, a dotted line shows the break of the band given beforehand, and the black 
dot shows the specified frequency point. 

[0142] It can check having realized the magnitude of attenuation of the inhibition zone 
specified from drawing 14 (A). Moreover, it can check having passed the frequency 
point specified from drawing 1 4 (C) and (D). 

[0143] That is, the low pass filter obtained by the algorithm which asks for "the filter 
with the terminal point frequency of the greatest pass band with which are satisfied 
of the magnitude of attenuation of an inhibition zone" concerning this invention has 
the good frequency response characteristic so that drawing 14 may show. 
[0144] The magnitude of attenuation dBs of the inhibition zone specified in the 2nd 
approach, next 2nd approach Starting point frequency ws of the smallest inhibition 
zone to satisfy It will ask. A flow chart for that will become equivalent to drawing 9 
referred to in the 1 st approach. Drawing 15 is the algorithm which asks for a filter 
with the starting point frequency of the smallest inhibition zone with which are 
satisfied of the magnitude of attenuation of an inhibition zone, and shows the 
parameter (variable) which becomes free, and the parameter (variable) fixed. 
[0145] Here, it is as follows when the parameter which becomes free with this 
algorithm, the object, and the principles of an algorithm are enumerated. 

* free parameter: Starting point frequency ws of an inhibition zone it is . 

* Object: Starting point frequency ws of the smallest inhibition zone with which are 
satisfied of the magnitude of attenuation of the specified inhibition zone The filter 
which it has is obtained. 



* Principle: The frequency of the ends of a pass band and the terminal point 
frequency of an inhibition zone are immobilization, and the starting point frequency of 
an inhibition zone is a free parameter, the Chebyshev approximation by the REMUZU 
exchange algorithm - starting point frequency ws of this inhibition zone Terminal point 
frequency wp of a pass band The magnitude of attenuation of -> inhibition zone 
keeping away becomes large. 

- starting point frequency ws of this inhibition zone Terminal point frequency wp of a 
pass band The magnitude of attenuation of -> inhibition zone which approaches 
becomes small. 

Namely, frequency w s (pre) far from the terminal point frequency of a pass band 
Frequency w s (cur) near the terminal point frequency of a pass band Location ws of 
the starting point frequency of the smallest inhibition zone with which are satisfied of 
the magnitude of attenuation which prepared as an initial frequency and was specified 
using the split half method It asks. In addition, also in this case, although the most 
efficient approach is the dividing-into the golden section method in the linear search 
method of such a parameter, an understanding of an algorithm has adopted the easy 
split half method here. 

[0146] Moreover, the content of each step processings F102, F103, F104, and F1 05 of 
the algorithm explained to drawing 9 and the following is the same as the REMUZU 
exchange algorithm which took into consideration the frequency response of the pre- 
filter which was associated and was explained to drawing 6 like the case of the 1st 
approach. Therefore, the same sign as drawing 6 is used about processing here. 
[0147] As shown in step20 drawing 9 , initial setting is performed first (F201). In this 
initial setting, at least a straight line sets up an input, setting out of an initial extreme 
point, assignment of the magnitude of attenuation of an inhibition zone, and the initial 
frequency of a split half method for setting out of a phase FIR filter, setting out of a 
band, and the frequency point of arbitration [ arbitration ] to make it pass. The item 
set up concretely is as follows. 

- The number of taps, as symmetrical [ a phase FIR filter ] with ** as - straight line 
or a ** symmetrical, The number of bands - The frequency of the ends of two piece 
and a pass band, the gain of - pass band, the terminal point frequency of - inhibition 
zone, - The gain of an inhibition zone, weighting to - pass band and an inhibition zone, 
the frequency of the point which you want to pass, and the magnitude of attenuation 
dBs (that is, the magnitude delta 2 of the ripple of an inhibition zone is pointed out) of 
amplitude value and - inhibition zone Frequency w which becomes extremal value in - 
approximation band (0) = wk (0) (k= 0, ... R) 

However, right superscript (i) The count of a repeat is expressed. 
[0148] Moreover, drawing 16 is drawing showing the initial frequency of the split half 
method in the algorithm which asks for a filter with the smallest inhibition zone with 
which are satisfied of the magnitude of attenuation of an inhibition zone. As shoWn in 
drawing 16 ., in this example, the following values are given as an initial frequency of a 



split half method. 
[0149] 

[Equation 34] 

^[Ol=il«©»/lilfl«ft©ifi» <34) 
yr , [0] = iHit«<O»j^«.ift«['(Z)iB» 

[0150] ws [t] which is back A part shall express the number of cycles. Here, it is a 
frequency w s (pre). [0] The minimum magnitude of attenuation [ in / the REMUZU 
exchange algorithm which receives and passes the frequency point of arbitration is 
performed, and / an inhibition zone ] dB (pre) [0] The following steps are explained 
asking. 

[0151] The REMUZU exchange algorithm which passes the frequency point of step21 
arbitration is performed (F102, F103, F104). Specifically by processing F102, it is w s 
(cur), [t] Generation is generated for the interpolation polynomial which interpolates 
the amplitude characteristic from the extreme point at the time. Subsequently, in 
processing F103, a new extreme point is determined from the amplitude characteristic 
searched for from the interpolation polynomial. And a repeat judgment of a REMUZU 
exchange algorithm is made in processing F104. 

[0152] step22, next the magnitude of attenuation of an inhibition zone are 
investigated (F206). The minimum magnitude of attenuation [ in / using the 
interpolation polynomial for which it asked by processing F1 02 / an inhibition zone ] 
dB s (the greatest approximation error delta 2 with weight) (cur) [t] It investigates. 
[0153] The comparison with step23, next the magnitude of attenuation of the 
specified inhibition zone is performed (F207). Specifically, it is the magnitude of 
attenuation dBs of the specified inhibition zone. When it compares and the following 
type (35) or the formula (36) is satisfied, it shifts to processing of step25 (F105). 
When not satisfied, it shifts to processing of step24 (F208). 
[0154] 

[Equation 35] 

|dB ( s c,,r >[t]-dB s |<E i (35) 
[0155] 

[Equation 36] 

\<J7" ) [X]-0><r ) [x}\<e2 (36) 

[0156] However, epsilon 1 epsilon 2 It considers as a very small value. 
[0157] In the comparison with the magnitude of attenuation of the inhibition zone 
specified step24, when the above-mentioned formula (35) or the formula (36) is not 
satisfied, setting out of a band is changed (F208). Specifically, it is the starting point 
frequency w s (cur) of a new inhibition zone, [t+1] It sets up. The case of the first 
loop formation, and in the case of the loop formation after a two-times eye, it divides 



as the setting-up method, and explains. 

[0158] In the first time : the first case, three cases shown in drawing 1 7 can be 
considered. Namely, frequency w s (pre) [0] w s (cur) [0] It receives and the case 
shown in drawing 1 7 (A), (B), and (C) can be considered. The case shown in drawing 
V7 (A) is a case where the magnitude of attenuation which specified both is satisfied. 
In this case, frequency w s (pre) near w= 0 [0] It considers as a solution and 
progresses to processing of step25. The case shown in drawing 17 (B) is a case 
where the magnitude of attenuation which specified both is not satisfied. In this case, 
in the present number of taps, since the specified magnitude of attenuation is 
unrealizable, that is displayed and it ends. The case shown in drawing 1 7 (C) is a case 
where the magnitude of attenuation only specified by one of the two is satisfied. In 
this case, it carries out like the following type (37), and shifts to processing of step21. 
In addition, with how to give this initial frequency point, it is w s (pre). [0] It is 
satisfied and is w s (cur). [0] The case which is not satisfied does not exist. 
[0159] 

[Equation 37] 

<o<r>[i] = a/rUo] 

o) ( r r) [ll = 0. 5X(a) ( r°[0]+w? ie) [0]) (37) 
dB< p,e) [l] = dB< cur) [0] 

[0160] A two-times eye or subsequent ones: In after a two-times eye, two cases 
shown in drawing 18 can be considered, how to decide the new frequency after a 
two-times eye — setting — w s (pre) [t+1] **** — the surely specified magnitude of 
attenuation dBs The frequency to satisfy will be saved. Frequency w s (pre) [t] w s 
(cur) [t] It receives and the case shown in drawing 18 (A) and (B) can be considered. 
The case shown in drawing 18 (A) is a case where the magnitude of attenuation only 
specified by one of the two is satisfied. In this case, it carries out like the following 
type (38), and shifts to the following processing of step21. In addition, it is always w s 
(pre), [t] Since the frequency with which were satisfied of the magnitude of 
attenuation comes, it is w s (pre) [t]. The case which is not satisfied does not exist. 
[0161] 

[Equation 38] 

o/rvi] = w ( r e) [t] 

o/ 5 c " r) [t+1 J =0. 5X( a> ( r°[t]+ o> < pre) [t]) 
dBj p,e) [t+l] =dBi prB) [t] 

[0162] The case shown in drawing 18 (B) is a case where the magnitude of 
attenuation which specified both is satisfied. In this case/it carries out like the 
following type (39), and shifts to the following processing of step21 . 
[0163] 



[Equation 39] 
co ( r e) [t+1] = 



>[t] 



co^tt+l] =co ( r ) ft]+0.5X(cu ( : ,,I) [tl-w? re) [t]) 
dB< p,e) [t+l] = dB< eur) [t] 



(39) 



[01 64] At least a straight line asks for the multiplier of a phase FIR filter from the 
amplitude characteristic approximated step25 (F105). That is, at least a straight line 
asks for the multiplier of a phase FIR filter from the amplitude characteristic acquired 
eventually. 

[01 65] Drawing 1 9 is drawing showing the frequency response characteristic of the 
low pass filter obtained by the algorithm which asks for "a filter with the starting point 
frequency of the minimum inhibition zone with which are satisfied of the magnitude of 
attenuation of an inhibition zone." Drawing showing the frequency response which 
displayed drawing 1 9 (A) by the decibel, drawing showing the frequency response 
which displayed drawing 19 (B) with the value as it is, drawing where drawing j 9 (C) 
expanded the gain 3 neighborhood, and drawing 19 (D) are drawings which expanded 
the gain 0 neighborhood. 

[0166] The basic algorithm in this case, a variable to ask, and the assignment 
frequency point are as follows. 

[0167] Basic algorithm: It is the REMUZU exchange algorithm which passes the 
frequency point of arbitration. 

- starting point frequency ws of a variable:inhibition zone to ask for -40dB or less of 
magnitude of attenuation of 24 taps, ** symmetrical, and an inhibition zone it is . 
[0168] 
[A table 5] 
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[0169] 
[A table 6] 
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[0170] In addition, it sets in drawing 19 and the continuous line shows the frequency 
response of a low pass filter with the starting point frequency of the minimum 
inhibition zone with which are satisfied of the magnitude of attenuation of an inhibition 
zone. Moreover, a dotted line shows the break of the band given beforehand, and a 
black dot specifies and shows the frequency point. 



[0171] It can check having realized the magnitude of attenuation of the inhibition zone 
specified from drawing 1 9 (A). Moreover, it can check having passed the frequency 
point specified from drawing 19 (C) and (D). 

[0172] That is, the low pass filter obtained by the algorithm which asks for "the filter 
with the starting point frequency of the minimum inhibition zone with which are 
satisfied of the magnitude of attenuation of an inhibition zone" concerning this 
invention has the good frequency response characteristic so that drawing 1 9 may 
show. 

[0173] The magnitude of attenuation dBs of the inhibition zone specified as the 3rd 
approach last in the 3rd approach It will ask for the minimum number N of taps to 
satisfy. Drawing 20 is the flow chart **** Fig. of the algorithm which asks for the 
filter of the minimum number of taps with which are satisfied of the magnitude of 
attenuation of an inhibition zone. 

[01 74] Here, it is as follows when the parameter which becomes free, the object, and 
the principles of an algorithm are enumerated with this algorithm. 

* Free parameter: It is the number of taps. 

* Object: The filter of the number of the minimum taps with which are satisfied of the 
magnitude of attenuation of the specified inhibition zone is obtained. 

* Principle: All the variables of a band are an increase of one tap, and ** about the 
number of taps, when the magnitude of attenuation of the specified inhibition zone 
cannot be satisfied, since it is immobilization. 

[0175] Moreover, the content of each step processings F102, F103, and F104 of the 
algorithm explained to drawing 20 and the following and F105** is the same as the 
REMUZU exchange algorithm which passes the frequency point of the arbitration 
which was associated and was explained to drawing 6 like the case of the 1st 
approach. Moreover, the content of processing F206 is the same as that of the 
processing which was associated and was explained to drawing 9 like the case of the 
2nd approach. Therefore, about processing here, the same sign as drawing 6 and 
drawing 9 is used. 

[0176] As shown in step30 drawing 20 , initial setting is performed first (F401). In this 
initial setting, at least a straight line performs input and setting out of an initial 
extreme point for setting out of a phase FIR filter, setting out of a band, and the 
frequency point of arbitration [ arbitration ] to make it pass. The item set up 
concretely is as follows. 

At least the number of initial taps, and - straight line - A phase FIR filter The number 
of symmetrical with ** or a ** symmetrical, and - bands Two pieces, the starting 
point frequency and terminal point frequency of - each band, - The gain of each band, 
weighting Of - each band, the frequency of a point that you want to pass, and the 
magnitude of attenuation dBs (that is, the magnitude delta 2 of the ripple of an 
inhibition zone is pointed out) of amplitude value and - inhibition zone Frequency w 
which becomes extremal value in - approximation band (0) = wk (0) (k= 0, .., R) 



However, right superscript (i) The count of a repeat is expressed. 
[0177] The REMUZU exchange algorithm which passes the frequency point of step31 
arbitration is performed (F102, F103, F104). Specifically by processing F1 02, it is w p 
(cur). Generation is generated for the interpolation polynomial which interpolates the 
amplitude characteristic from the extreme point at the time of [t], and the frequency 
point which you want to pass. Subsequently, in processing F103, a new extreme point 
is determined from the amplitude characteristic searched for from the interpolation 
polynomial. And a repeat judgment of a REMUZU exchange algorithm is made in 
processing F104. 

[0178] step32, next the magnitude of attenuation of an inhibition zone are 
investigated (F206). The minimum magnitude of attenuation [ in / using the 
interpolation polynomial for which it asked by processing F1 02 / an inhibition zone ] 
dB s (the greatest approximation error delta 2 with weight) (cur) [t] It investigates. 
[01 79] The comparison with step33, next the magnitude of attenuation of the 
specified inhibition zone is performed (F412). Specifically, it is the magnitude of 
attenuation dBs of the specified inhibition zone. When it compares and the following 
type (40) is satisfied, it shifts to processing of step35 (F105). When not satisfied, it 
shifts to processing of step34 (F41 3). 
[0180] 

[Equation 40] 

dB^tt] < dB a (40) 

[0181] The increase of step341 tap, and ** (F413). That is, the current number of 

taps is shifted to 1 tap increase coconut and processing of step30. 

[0182] At least a straight line asks for the multiplier of a phase FIR filter from the 

amplitude characteristic approximated step35 (F105). That is, at least a straight line 

asks for the multiplier of a phase FIR filter from the amplitude characteristic acquired 

eventually. 

[0183] Drawing 21 is drawing showing the frequency response characteristic of the 
low pass filter obtained by the algorithm which asks for "the minimum number of taps 
which realizes the magnitude of attenuation of an inhibition zone." Drawing showing 
the frequency response which displayed drawing 21 (A) by the decibel, drawing 
showing the frequency response which displayed drawing 21 (B) with the value as it is, 
drawing where drawing 21 (C) expanded the gain 3 neighborhood, and drawing 21 (D) 
are drawings which expanded the gain 0 neighborhood. 

[0184] The basic algorithm in this case, a variable to ask, and the assignment 
frequency point are as follows. 

[01 85] Basic algorithm: It is the REMUZU exchange algorithm which passes the 
frequency point of arbitration. 

- A variable to ask for -60dB or less of magnitude of attenuation of number of initial 
taps 10 tap, ** symmetrical, and an inhibition zone : it is the number N of taps. 



\ 

[0186] 
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[0187] 
[A table 8] 
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[0188] In addition, the continuous line shows the frequency response of the low pass 
filter of the minimum number of taps (36 taps) from which the magnitude of 
attenuation of an inhibition zone is set to -60dB or less in drawing 21 . Moreover, a 
dotted line shows the break of the band given beforehand, and the black dot shows 
the specified frequency point. 

[0189] It can check having realized the magnitude of attenuation of the inhibition zone 
specified from drawing 21 (A). Moreover, it can check having passed the frequency 
point specified from drawing 21 (C) and (D). 

[0190] That is, the low pass filter obtained by the algorithm which asks for the 
"number of taps of the min which realizes the magnitude of attenuation of an 
inhibition zone" concerning this invention has the good frequency response 
characteristic so that drawing 21 may show. 

[0191] Next, as the 2nd modification, the magnitude of attenuation of an inhibition 
zone is satisfied and the algorithm which asks for the filter which passes the 
frequency point of a transient region is explained. 

[0192] Here, it is as follows when the parameter which becomes free with this 
algorithm, the object, and the principles of an algorithm are enumerated. 

* free parameter: Terminal point frequency wp of a pass band Starting point 
frequency ws of an inhibition zone it is . 

* Object: The magnitude of attenuation dBs of an inhibition zone It is satisfied and is 
the frequency wc of a transient region. Magnitude of attenuation dBc The band to 
pass is determined. Namely, specific frequency wc of a transient region Magnitude of 
attenuation dBc Terminal point frequency wp of largest pass band that becomes 
Starting point frequency ws of the smallest inhibition zone It obtains. 

* Principle: The starting point frequency of a pass band and the terminal point 
frequency of an inhibition zone are immobilization, and it is the terminal point 
frequency wp of a pass band. Starting point frequency ws of an inhibition zone It is a 
free parameter. Since there are two free parameters, it cannot be decided 



appropriately that it moves simultaneously. Then, parameter of one of the two is fixed 
and it asks for another [ which satisfies the magnitude of attenuation of an inhibition 
zone ] parameter. Frequency wc of a transient region Magnitude of attenuation dBc 
The parameter which was being fixed is changed when not passing. By repeating 
repeatedly [ above ], it is the magnitude of attenuation dBc at the frequency wc of a 
transient region. The band to pass is determined. Since "a filter with the starting 
point frequency of the smallest inhibition zone with which are satisfied of the 
magnitude of attenuation of an inhibition zone" has in two kinds of approaches, i.e., 
the 1 st, and the approach of asking for the parameter with which are satisfied of the 
magnitude of attenuation of an inhibition zone has "a filter with the terminal point 
frequency of the largest pass band with which are satisfied of the magnitude of 
attenuation of an inhibition zone" in the 2nd, order is explained for the algorithm 
which used each as the base later on. 

[01 93] Drawing 22 is drawing showing the flow chart of the algorithm which asks for 
the filter which satisfies the magnitude of attenuation of an inhibition zone and passes 
the frequency point of a transient region. First, it relates with drawing 22 - drawing 
27 , and the algorithm which used "the filter with the starting point frequency of the 
smallest inhibition zone with which are satisfied of the magnitude of attenuation of an 
inhibition zone" as the base is explained. 

[0194] That is, with this algorithm, the algorithm which asks for "a filter with the 
starting point frequency of the smallest inhibition zone with which are satisfied of the 
magnitude of attenuation of an inhibition zone" is used. The policy of a concrete 
algorithm is ws considering the above-mentioned algorithm as an inside loop formation, 
as shown in drawing 23 . It asks and is wp to an outside further. The loop formation 
for asking is put and the parameter of a band is determined. That is, it is the terminal 
point frequency wp of a pass band at an outside loop formation. It fixes and is the 
magnitude of attenuation dBs of an inhibition zone at an inside loop formation. 
Starting point frequency ws of the inhibition zone to satisfy It asks, the time of 
looking for "a filter with the terminal point frequency of the largest pass band with 
which are satisfied of the magnitude of attenuation of an inhibition zone", when having 
not passed the point (wc and dBc) of the transient region specified by the amplitude 
characteristic searched for — the same — wp It searches using a split half method. 
Although a concrete algorithm is shown below, since the algorithm which asks for 
"the filter with the starting point frequency of the smallest inhibition zone with which 
are satisfied of the magnitude of attenuation of an inhibition zone" which is an inside 
loop formation is the same, explanation is omitted. 

[0195] Moreover, the content of each step processings F102, F103, and F104 of the 
algorithm explained to drawing 22 and the following and F105** is the same as the 
REMUZU exchange algorithm which passes the frequency point of the arbitration 
which was associated and was explained to drawing 6 like the case of the 1st 
approach. Moreover, the content of processings F206, F207, and F208 is the same as 



that of the algorithm of the processing which was associated and was explained to 
drawing 9 , i.e., "a filter with the starting point frequency of the smallest inhibition 
zone with which are satisfied of the magnitude of attenuation of an inhibition zone", 
like the case of the 2nd approach. Therefore, about processing here, the same sign as 
drawing 6 and drawing 9 is used. 

[0196] step40 — first, as shown in drawing 22 , initial setting is performed (F301). In 
this initial setting, at least a straight line sets up an input, setting out of an initial 
extreme point, assignment of the magnitude of attenuation of an inhibition zone, and 
the initial frequency of a split half method for setting out of a phase FIR filter, setting 
out of a band, and the frequency point of arbitration [ arbitration ] to make it pass. 
The item set up concretely is as follows. 

- The number of taps, as symmetrical [ a phase FIR filter ] with ** as - straight line 
or a ** symmetrical, The number of bands - Starting point frequency ws =0 of two 
pieces and - pass band, the gain of - pass band, - The gain of terminal point 
frequency wp =pi of an inhibition zone, and - inhibition zone, weighting to - pass band 
and an inhibition zone, - The frequency of the point which you want to pass, and the 
magnitude of attenuation dBs (that is, the magnitude delta 2 of the ripple of an 
inhibition zone is pointed out) of amplitude value and - inhibition zone Frequency wc 
of - transient region Frequency w which becomes extremal value in the magnitude of 
attenuation dBc and - approximation band (0) = wk (0) (k= 0, .., R) 
However, right superscript (i) The count of a repeat is expressed. 
[0197] Moreover, drawing 24 is drawing showing the initial frequency of the split half 
method in the algorithm which asks for the filter which satisfies the magnitude of 
attenuation of an inhibition zone and passes the frequency point of a transient region. 
As shown in drawing 24 , in this example, it considered as the initial frequency of a 
split half method, and the following values are given. 
[0198] 

[Equation 41] 

^P cur) l0]-co c ^ifi^ (41) 

[0199] wp [t] which is back A part shall express the number of cycles. Here, it is a 
frequency w p (pre). [0] The specified magnitude of attenuation [ in / the REMUZU 
exchange algorithm which receives and passes the frequency point of arbitration is 
performed, and / an inhibition zone ] dBs Starting point frequency w s (pre) of the 
minimum inhibition zone to satisfy [0] is calculated and it is wc at that time. Gain dB c 
which can be set (pre) [0] The following steps are explained being obtained. 
[0200] The algorithm which calculates step41 "a filter with the starting point 
frequency of the smallest inhibition zone with which are satisfied of the magnitude of 
attenuation of an inhibition zone" is performed (F102, F103, F104, F206, F207. F208). 
Specifically by processing F102, it is w p (cur), [t] The interpolation polynomial which 
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interpolates the amplitude characteristic from the extreme point at the time and the 
frequency point which you want to pass is generated. Subsequently, in processing 
F103, a new extreme point is determined from the amplitude characteristic searched 
for from the interpolation polynomial. And a repeat judgment of a REMUZU exchange 
algorithm is made in processing F104. Next, in processing F206. the minimum 
magnitude of attenuation (the greatest approximation error with weight) in an 
inhibition zone is calculated. Next, starting point frequency ws of the smallest 
inhibition zone with which it is satisfied of the magnitude of attenuation of an 
inhibition zone in processing F207 The terminating condition of the algorithm which 
asks for the filter which it has is acquired. Moreover, it sets to processing F208 and is 
the starting point frequency w s (cur) of a new inhibition zone. It sets up. 
[0201] The magnitude of attenuation of the frequency specified as step42, next a 
transient region is investigated (F309). Frequency wc specified as the transient region 
in processing F102 using the Lagrange interpolation polynomial which was able to be 
found eventually with the algorithm which asks for "the starting point frequency of 
the smallest inhibition zone with which are satisfied of the magnitude of attenuation of 
an inhibition zone" The receiving magnitude of attenuation dB c (cur) [t] It 
investigates. 

[0202] The comparison with the assignment magnitude of attenuation of step43 
transient region is performed (F310). Frequency wc of a transient region The receiving 
magnitude of attenuation dBc When it compares and the following type (42) or the 
formula (43) is satisfied, it shifts to processing of step45 (F1 05), and when not 
satisfied, it shifts to processing of step44 (F31 1 ). 
[0203] 

[Equation 42] 

|dBj c,,r) [t]-<lBc|<ei (42) 
[0204] 

[Equation 43] 

|^ f) [t]-a) ( p p,e> [t]|<£2 (43) 

[0205] However, epsilon 1 epsilon 2 The very small value is carried out. 
[0206] Frequency wc of step44 transient region The receiving magnitude of 
attenuation dBc In a comparison, when the above-mentioned formula (42) or the 
formula (43) is not satisfied, setting out of a band is changed (F31 1). Specifically, it is 
the terminal point frequency w p (cur) of a new pass band, [t+1] It sets up. The case 
of the first loop formation, and in the case of the loop formation after a two-times 
eye, it divides as the setting-up method, and explains. 

[0207] In the first time : the first case, three cases shown in drawing 25 can be 
considered. Namely, frequency w p (pre) [0] w p (cur) [0] It receives and the case 
shown in drawing 25 (A), (B), and (C) can be considered. The case shown in drawing 
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25 (A) is the magnitude of attenuation dBc which specified both. It is the satisfied 
case. In this case, large frequency w p (cur) [0] It considers as a solution and 
progresses to processing of step45. The case shown in drawing 25 (B) is a case 
where the magnitude of attenuation which specified both is not satisfied. In this case, 
in the present number of taps, since the specified magnitude of attenuation is 
unrealizable, that is displayed and it ends. The case shown in drawing 25 (C) is a case 
where the magnitude of attenuation only specified by one Of the two is satisfied. In 
this case, it carries out like the following type (44), and shifts to processing of step41. 
In addition, with how to give this initial frequency, it is w p (cur). [0] It is satisfied and 
is w p (pre) [0]. The case which is not satisfied does not exist. 
[0208] 

[Equation 44] 
co ( p pTe) [l] =O) ( p pre> [0] 

w ( J Br) [l] =0. 5X (w ( 5 or, [0l+ft)? re) t0l) (44) 
dB?' e) [i] =dB? ,e) [0] 

[0209] A two-times eye or subsequent ones: In after a two-times eye, two cases 
shown in drawing 26 can be considered, new frequency w P (cur) after a two-times 
eye [t+1] how to determine — setting — w p (pre) [t+1] **** — surely — the 
assignment magnitude of attenuation dBc The frequency to satisfy is saved. 
Frequency w p (pre) [t] w p (cur) [t] The case which it receives and is shown in 
drawing 26 (A) and (B) can be considered. The case shown in drawing 26 (A) is a case 
where the magnitude of attenuation only specified by one of the two is satisfied. In 
this case, the following formula (45) is processed and it shifts to the following 
processing of step41. In addition, it is always w p (pre), [t] Since the frequency with 
which were satisfied of the specified magnitude of attenuation comes, it is wp (pre), 
[t] The case which is not satisfied does not exist. 
[0210] 

[Equation 45] 
<o ( p p,e) [t+l] = of*[t] 

dB?' e) [t+l] =dB? ,e) [t] 

[021 1] The case shown in drawing 26 (B) is a case where the magnitude of 
attenuation which specified both is satisfied. In this case, the following formula (46) is 
processed and it shifts to the following processing of step41. 
[0212] 

[Equation 46] 



co ( p p,e> [t+l] =a) ( r r, [t] 

co ( p cor) [t+l] = co ( p cur) [t]+0. 5X (co ( r } m- w ( P pre) [t]) (46) 
dB? re) [t+l] =dB? ot> [t] 



[0213] At least a straight line asks for the multiplier of a phase FIR filter from the 
amplitude characteristic approximated step45 (F105). That is, at least a straight line 
asks for the multiplier of a phase FIR filter from the amplitude characteristic acquired 
eventually. 

[021 4] Drawing 27 is drawing showing the frequency response characteristic of the 
low pass filter obtained by the algorithm which asks for "the filter which satisfies the 
magnitude of attenuation of an inhibition zone and passes the frequency point of a 
transient region" which used as the base the algorithm which asks for "a filter with 
the starting point frequency of the minimum inhibition zone." Drawing showing the 
frequency response which displayed drawing 27 (A) by the decibel, drawing showing 
the frequency response which displayed drawing 27 (B) with the value as it is, drawing 
where drawing 27 (C) expanded the gain 3 neighborhood, and drawing 27 (D) are 
drawings which expanded the gain 0 neighborhood. 

[0215] The basic algorithm in this case, a variable to~askrand the" assignment^ -~ 
frequency point are as follows. 

[0216] Basic algorithm: It is the REMUZU exchange algorithm which asks for the 
starting point frequency of the minimum inhibition zone with which are satisfied of the 
magnitude of attenuation of an inhibition zone. 

- terminal point frequency wp of the variable:pass band which the magnitude of 
attenuation of passage, 24 taps, ** symmetrical,- and anrinhibitionrzoneiwantsjtozaskrr— 
for 0.4pi and 1 2dB -40dB or less Starting point frequency ws of an inhibition zone it 
is. <' 
[0217] 
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[0219] In addition, in drawing 27 , a continuous line satisfies the magnitude of 



attenuation of an inhibition zone, and shows the frequency response of the low pass 
filter which passes the frequency point of a transient region. Moreover, the black dot 
shows the specified frequency point (the frequency point of a transient region, and 
frequency point of arbitration). 

[0220] It can check having realized the magnitude of attenuation of the inhibition zone 
specified from drawing 27 (A). It can check having realized the magnitude of 
attenuation of the inhibition zone specified as the transient region from drawing 27 (B). 
Moreover, it can check having passed the frequency point specified from drawing 27 
(C) and (D). 

[0221] That is, the low pass filter obtained by the algorithm which asks for "the filter 
which satisfies the magnitude of attenuation of an inhibition zone and passes the 
frequency point of a transient region" which used as the base the algorithm which 
asks for "a filter with the starting point frequency of the minimum inhibition zone" has 
the good frequency response characteristic so that drawing 27 may show. 
[0222] Next, it relates and the algorithm which used as the base the algorithm which 
asks for a filter with the terminal point frequency of the largest pass band with which 
are satisfied of the magnitude of attenuation of an inhibition zone is explained to 
drawing 22 , drawing 28 - drawing 32 . The flow chart in this case satisfies the 
magnitude of attenuation of an inhibition zone, and will become equivalent to drawing 
22 referred to in the algorithm which asks for the filter which passes the frequency 
point of a transient region. 

[0223] With this algorithm, the algorithm which asks for "a filter with the terminal 
point frequency of the largest pass band with which are satisfied of the magnitude of 
attenuation of an inhibition zone" is used. The policy of a concrete algorithm is wp 
considering the above-mentioned algorithm as an inside loop formation, as shown in 
drawing 28 . It asks and is ws to an outside further. The loop formation for asking is 
put and the parameter of a band is determined. That is, it is the starting point 
frequency ws of an inhibition zone at an outside loop formation. It fixes and is the 
assignment magnitude of attenuation dBs of an inhibition zone at an inside loop 
formation. Terminal point frequency wp of the pass band to satisfy It asks, the time of 
looking for "a filter with the starting point frequency of the smallest inhibition zone 
with which are satisfied of the magnitude of attenuation of an inhibition zone", when 
having not passed the point (wc and dBc) of the transient region specified by the 
amplitude characteristic searched for — the same — ws It searches using a split half 
method. Although an algorithm is shown below concretely, since the algorithm which 
asks for "the filter with the terminal point frequency of the largest pass band with 
which are satisfied of the magnitude of attenuation of an inhibition zone" which is an 
inside loop formation is the same, explanation is omitted. 

[0224] Moreover, the week of the arbitration which related with drawing 6 the content 
of each step processings F1 02, F103, and F104 of the algorithm explained to drawing 
22 and the following and F105** like the case of the 1st approach, and was explained 
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is the same as the REMUZU exchange algorithm which passes several points. 
Moreover, the content of processings F206, F207, and F208 is the same as that of the 
algorithm of the processing which was associated and was explained to drawing 9 , i.e., 
"a filter with the starting point frequency of the smallest inhibition zone with Which 
are satisfied of the magnitude of attenuation of an inhibition zone", like the case of 
the 2nd approach. Therefore, about processing here, the same sign as drawing 6 and 
drawing 9 is used. 

[0225] As shown in step50 drawing 22 , initial setting is performed first (F301). In this 
initial setting, at least a straight line sets up an input, setting out of an initial extreme 
point, assignment of the magnitude of attenuation of an inhibition zone, and the initial 
frequency of a split half method for setting out of a phase FIR filter, setting out of a 
band, and the frequency point of arbitration [ arbitration ] to make it pass. The item 
set up concretely is as follows. 

- The number of taps, as symmetrical [ a phase FIR filter ] with ** as - straight line 
or a ** symmetrical, The number of bands - Two pieces, the starting point frequency 
w= 0 of - pass band, the gain of - pass band, - The gain of terminal point frequency 
w=pi of an inhibition zone, and - inhibition zone, weighting to - pass band and an 
inhibition zone, - The frequency of the point which you want to pass, and the 
magnitude of attenuation dBs (that is, the magnitude delta 2 of the ripple of an 
inhibition zone is pointed out) of amplitude value and - inhibition zone Frequency wc 
of - transient region Frequency w which becomes extremal value in the magnitude of 
attenuation dBc and - approximation band (0) = wk (0) (k= 0, ... R) 
However, right superscript (i) The count of a repeat is expressed. 
[0226] Moreover, drawing 29 is drawing showing the initial frequency of the split half 
method in the algorithm which asks for the filter which satisfies the magnitude of 
attenuation of an inhibition zone and passes the frequency point of a transient region. 
As shown in drawing 29 , in this example, the following values are given as an initial 
frequency of a split half method. 
[0227] 

[Equation 47] 

n { ~ } iw=m±*<Di&j&miiL&<»&m (47) 

[0228] another w s (pre) [0] ws which was able to be found with the algorithm which 
looks for "a filter with the starting point frequency of the smallest inhibition zone with 
which are satisfied of the magnitude of attenuation of an inhibition zone" as a value 
as follows w s (pre) [0] ** — it is carrying out. 
[0229] 

[Equation 48] 

<»T y [0]-mj&1*<Dtaj&m&&<?>i&& (48) 



[0230] In addition, wp which is [ an inhibition zone ] satisfied with this of the 
magnitude of attenuation although it should search as the following formula (57) 
properly speaking It is not found. Then, wp The minimum value is the starting point 
frequency ws of the inhibition zone with which it is satisfied of the magnitude of 
attenuation of the inhibition zone at this time since it is about 0.01. It is considering 
as the initial frequency. 
[0231] 

[Equation 49] 

<'[°]= <o«V>T&® (49) 

[0232] ws [t] which is back A part shall express the number of cycles. Here, it is a 
frequency w s (pre). [0] The specified magnitude of attenuation [ in / it receives and 
the REMUZU exchange algorithm which passes the frequency point of arbitration is 
performed, and / an inhibition zone ] dBs Terminal point frequency w p (pre) of the 
greatest pass band to satisfy [0] is calculated and it is wc at that time. Gain dB c 
which can be set (pre) [0] The following steps are explained being obtained. 
[0233] The algorithm which calculates step51 "a filter with the terminal point 
frequency of the largest pass band with which are satisfied of the magnitude of 
attenuation of an inhibition zone" is performed (F102, F103. F104. F206. F207, F208). 
Specifically by processing F1 02, it is w s (cur), [t] The interpolation polynomial which 
interpolates the amplitude characteristic from the extreme point at the time and the 
frequency point which you want to pass is generated. Subsequently, in processing 
F103, a new extreme point is determined from the amplitude characteristic searched 
for from the interpolation polynomial. And a repeat judgment of a REMUZU exchange 
algorithm is made in processing F104. Next, in processing F206, the minimum 
magnitude of attenuation (the greatest approximation error with weight) in an 
inhibition zone is calculated. Next, terminal point frequency wp of the largest pass 
band with which it is satisfied of the magnitude of attenuation of an inhibition zone in 
processing F207 The terminating condition of the algorithm which asks for the filter 
which it has is acquired. Moreover, it sets to processing F208 and is the starting point 
frequency w p (cur) of a new inhibition zone. It sets up. 

[0234] The magnitude of attenuation of the frequency specified as step52, next a 
transient region is investigated (F309). Frequency wc specified as the transient region 
in processing F1 02 using the Lagrange interpolation polynomial which was able to be 
found eventually with the algorithm which asks for "the terminal point frequency of 
the largest inhibition zone with which are satisfied of the magnitude of attenuation of 
an inhibition zone" The receiving magnitude of attenuation dB c (cur) It investigates. 
[0235] The comparison with the magnitude of attenuation of the transient region 
specified step53 is performed (F310). Frequency wc of the specified transient region 
The receiving magnitude of attenuation dBc When it compares and the following type 
(50) or the formula (51) is satisfied, it shifts to processing of step55 (F105), and when 



\ 

not satisfied, it shifts to processing of step54 (F311). 
[0236] .. 
[Equation 50] 

|dB< cor >[t]-dB c |< 6 , (50) 
[0237] 

[Equation 51] 

i<'>[t]-<»nt]i<E* (si) 

[0238] However, epsilon 1 epsilon 2 The very small value is carried out. 
[0239] Frequency wc of step54 transient region The receiving magnitude of 
attenuation dBc In a comparison, when the above-mentioned formula (50) or the 
formula (51) is not satisfied, setting out of a band is changed (F31 1). Specifically, it is 
the starting point frequency w s (cur) of a new inhibition zone, [t+1] It sets up. The 
case of the first loop formation, and in the case of the loop formation after a two- 
times eye, it divides as the setting-up method, and explains. 
[0240] In the first time : the first case, three cases shown in drawing 30 can be 
considered. Namely, frequency w s (pre) [0] w s (cur) [0] It receives and the case 
shown in drawing 30 (A). (B), and '(C) can be considered. The case shown in drawing 
30 (A) is the magnitude of attenuation dBc which specified both. It is the satisfied 
case. In this case, large frequency w s (cur) [0] It considers as a solution and 
progresses to processing of step55. The case shown in drawing 30 (B) is a case 
where the magnitude of attenuation which specified both is not satisfied. In this case, 
in the present number of taps, since the specified magnitude of attenuation is 
unrealizable, that is displayed and it ends. The case shown in drawing 30 (C) is a case 
where the magnitude of attenuation only specified by one of the two is satisfied. In 
this case, it carries out like the following type (52). and shifts to processing of step51. 
In addition, with how to give this initial frequency, it is w s (cur). [0] It is satisfied and 
is w s (pre) [0]. The case which is not satisfied does not exist. 
[0241] 

[Equation 52] 
cu? re) [l] = a> { r } [0] 

<oT T) [l] =0. 5X (^[OJ+Cuf^O]) (52) 
dB< p,e) [l) = dB< pre) |0] 

[0242] A two-times eye or subsequent ones: In after a two-times eye, two cases 
shown in drawing 31 can be considered, new frequency w s (cur) after a two-times 
eye [t+1] how to determine — setting — w s (pre) [t+1] **** — surely — the 
assignment magnitude of attenuation dBc The frequency to satisfy is saved. 



Frequency w s (pre) [t] w s (cur) [t] The case which it receives and is shown in 
drawing 31 (A) and (B) can be considered. The case shown in drawing 31 (A) is a case 
where the magnitude of attenuation only specified by one of the two is satisfied. In 
this case, it carries out like the following type (53), and shifts to the following 
processing of step51. In addition, it is always w s (pre), [t] Since the frequency with 
which were satisfied of the specified magnitude of attenuation comes, it is ws (pre), 
[t] The case which is not satisfied does not exist. 
[0243] 

[Equation 53] 

co<r>[t+l] =0.5X(w ( r r) tt]+cu? re) [t]) (53) 
dB? re) [t+l] = dB< pre> [t] 

[0244] The case shown in drawing 31 (B) is a case where the magnitude of 
attenuation which specified bcth is satisfied. In this case, it carries out like the 
following type (54), and shifts to the following processing of step51. 
[0245] 

[Equation 54] 

a> ( r e) [t+i] =to<r r) [t] 

a/-°[t+l] =o> ( r>[t]+0.5X(a> ( r r) [t]-<«)r > [t]) (54) 
dB< pMS> [t+l] = dB< cnr) [tJ 

[0246] At least a straight line asks for the multiplier of a phase FIR filter from the 
amplitude characteristic approximated step55 (F105). That is, at least a straight line 
asks for the multiplier of a phase FIR filter from the amplitude characteristic acquired 
eventually. 

[0247] Drawing 32 is drawing showing the frequency response characteristic of the 
low pass filter obtained by the algorithm which asks for "the filter which satisfies the 
magnitude of attenuation of an inhibition zone and passes the frequency point of a 
transient region" which used as the base the algorithm which asks for "it is a filter 
about the terminal point frequency of the greatest pass band." Drawing showing the 
frequency response which displayed drawing 32 (A) by the decibel, drawing showing 
the frequency response which displayed drawing 32 (B) with the value as it is, drawing 
where drawing 32 (C) expanded the gain 3 neighborhood, and drawing 32 (D) are 
drawings which expanded the gain 0 neighborhood. 

[0248] The basic algorithm in this case, a variable to ask, and the assignment 
frequency point are as follows. 

[0249] Basic algorithm: It is the REMUZU exchange algorithm which passes the 
frequency point of arbitration of asking for the starting point frequency of the 
minimum inhibition zone with which are satisfied of the magnitude of attenuation of an 



inhibition zone. 

- terminal point frequency wp of the variable:pass band which the magnitude of 
attenuation of passage, 24 taps, ** symmetrical, and an inhibition zone wants to ask 
for (X4pi and 12dB -40dB or less Starting point frequency ws of an inhibition zone it 
is . 

[0250] 
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[A table 12] 
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[0252] In addition, in drawing 32 , a continuous line satisfies the magnitude of 
attenuation of an inhibition zone, and shows the frequency response of the low pass 
filter which passes the frequency point of a transient region. Moreover, the black dot 
shows the specified frequency point (the frequency point of a transient region, and 
frequency point of arbitration). 

[0253] It can check having realized the magnitude of attenuation of the inhibition zone 
specified from drawing 32 (A). It can check having realized the magnitude of 
attenuation of the inhibition zone specified as the transient region from drawing 32 (B). 
Moreover, it can check having passed the frequency point specified from drawing 32 
(C)and(D). 

[0254] That is, the low pass filter obtained by the algorithm which asks for "the filter 
which satisfies the magnitude of attenuation of an inhibition zone and passes the 
frequency point of a transient region" which used as the base the algorithm which 
asks for "it is a filter about the terminal point frequency of the greatest pass band" 
has the good frequency response characteristic so that drawing 32 may show! 
[0255] Next, the algorithm of the filter design of the number of the minimum taps with 
which are satisfied of the magnitude of attenuation of an inhibition zone is explained 
to the REMUZU exchange algorithm which can change a band. Here, the algorithm 
which asks for the filter of the number of the minimum taps which realizes the 
magnitude of attenuation of the specified inhibition zone is explained to the algorithm 
which searches for the above "a filter with the starting point frequency of the 
smallest inhibition zone with which are satisfied of the magnitude of attenuation of an 
inhibition zone", and the algorithm which searches for the above "a filter with the 



terminal point frequency of the largest pass band with which are satisfied of the 
magnitude of attenuation of an inhibition zone." 

[0256] Drawing 33 is drawing showing the flow chart of the algorithm which asks for 
the filter of the number of the minimum taps which realizes the magnitude of 
attenuation of an inhibition zone. 

[0257] It is as follows when the parameter which becomes free with this algorithm, 
the object, and the principles of an algorithm are enumerated. 

* Free parameter : the number of - taps and two kinds of approaches exist. 
Terminal point frequency Wp of the 1st pass band It considers as adjustable and the 
starting point frequency ws of an inhibition zone is fixed. Terminal point frequency wp 
of the 2nd pass band It fixes and is the starting point frequency ws of an inhibition 
zone. It considers as adjustable. 

* Object: The magnitude of attenuation dBs of the inhibition zone whose one of the 
variables of a band is adjustable and which was specified by carrying out an algorithm 
pair The filter of the number of the minimum taps to satisfy is obtained. 

* principle: 1 since the magnitude of attenuation which the number of taps was 
lacking and was specified cannot be realized when becoming "having no solution" by 
the loop formation of eye a time — 1 the increase of the number of taps — it carries 
out and tries again. 

[0258] Moreover, the content of each step processings F102, F103, and F104 of the 
algorithm explained to drawing 33 and the following and F105** is the same as the 
REMUZU exchange algorithm which passes the frequency point of the arbitration 
which was associated and was explained to drawing 6 like the case of the 1 st 
approach. Moreover, the content of processings F2.01, F206, F207, and F208 is the 
same as that of the algorithm of the processing which was associated and was 
explained to drawing 9 , i.e., "a filter with the terminal point frequency of the largest 
pass band with which are satisfied of the magnitude of attenuation of an inhibition 
zone", and the algorithm of "a filter with the starting point frequency of the smallest 
inhibition zone with which are satisfied of the magnitude of attenuation of an inhibition 
zone" like the case of the 2nd approach. Therefore, about processing here, the same 
sign as drawing 6 and drawing 9 is used. 

[0259] As shown in step60 drawing 33 , initial setting is performed first (F201). In this 
initial setting, at least a straight line sets up an input, setting out of an initial extreme 
point, assignment of the magnitude of attenuation of an inhibition zone, and the initial 
frequency of a split half method for setting out of a phase FIR filter, setting out of a 
band, and the frequency point of arbitration [ arbitration ] to make it pass. The item 
set up concretely is as follows. 

- The number of taps, as symmetrical [ a phase FIR filter ] with ** as - straight line 
or a ** symmetrical, The number of bands - Two pieces, the starting point frequency 
w= 0 of - pass band, the gain of - pass band, - The gain of terminal point frequency 
w=pi of an inhibition zone, and - inhibition zone, weighting to - pass band and an 



\ ■ 

inhibition zone, - The frequency of the point which you want to pass, and the 
magnitude of attenuation dBs (that is, the magnitude delta 2 of the ripple of an 
inhibition zone is pointed out) of amplitude value and - inhibition zone Frequency w 
which becomes extremal value in - approximation band (0) = wk (0) However (k= 0, ... 
R), right superscript (i) The count of a repeat is expressed. 
- The input of the initial frequency of a split half method [0260] The REMUZU 
exchange algorithm which passes the frequency point of step61 arbitration is 
performed (F102, F103, F104). Specifically by processing F102, generation is 
generated for the interpolation polynomial which interpolates the amplitude 
characteristic from an extreme point and the frequency point which you want to pass. 
Subsequently, in processing F103, a new extreme point is determined from the 
amplitude characteristic searched for from the interpolation polynomial. And a repeat 
judgment of a REMUZU exchange algorithm is made in processing F1 04. 
[0261] step62, next the minimum magnitude of attenuation in an inhibition zone (the 
greatest approximation error with weight) It asks (F206). 

[0262] It distinguishes whether the terminating condition of the search algorithm of a 
frequency which satisfies the magnitude of attenuation of the inhibition zone specified 
step63 is realized (F207). When a terminating condition is realized, and it shifts to 
processing of step67 (F105) and is not realized, it shifts to processing of step64 
(F208). 

[0263] When the terminating condition of the search algorithm of a frequency which 
satisfies the magnitude of attenuation of the inhibition zone specified step64 is not 
realized, setting out of a band is changed (F208). 

[0264] The comparison with the magnitude of attenuation of the inhibition zone 
specified step65 is performed (F41 4). In setting-out modification of the band of 
processing F208, when becoming "having no solution" by the 1 st loop formation, it 
shifts to processing of step66 (F414), and when other, it returns to processing of 
step61. 

[0265] The increase of step661 tap, and ** (F415). The current number of taps is 
shifted to 1 tap increase coconut and the initialization process of step60 (F201). 
[0266] At least a straight line asks for the multiplier of a phase FIR filter from the 
amplitude characteristic approximated step67 (F105). 

[0267] Drawing 34 is drawing showing the frequency response characteristic of the 
low pass filter obtained by the algorithm which asks for "the minimum number of taps 
with which are satisfied of the magnitude of attenuation of an inhibition zone." 
Drawing showing the frequency response which displayed drawing 34 (A) by the 
decibel, drawing showing the frequency response which displayed drawing 34 (B) with 
the value as it is, drawing where drawing 34 (C) expanded the gain 3 neighborhood, 
and drawing 34 (D) are drawings which expanded the gain 0 neighborhood. 
[0268] The basic algorithm in this case, a variable to ask, and the assignment 
frequency point are as follows. 



[0269] Basic algorithm: It is the REMUZU exchange algorithm which passes the 
frequency point of arbitration of asking for a filter with the starting point frequency of 
the minimum inhibition zone with which are satisfied of the magnitude of attenuation 
of an inhibition zone. 

- The magnitude of attenuation of ** symmetrical and an inhibition zone is the 
starting point frequency ws of a variable:, tap several N, and an inhibition zone to ask 
-60dB or less [0270]. 
[A table 13] 
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[A table 14] 
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[0272] In addition, the continuous line shows the frequency response of the low pass 
filter of the minimum number of taps (1 7 taps) from which the magnitude of 
attenuation of an inhibition zone is set to -60dB or less in drawing 34 . Moreover, a 
dotted line shows the break of the band given beforehand, and the black dot shows 
the specified frequency point. 

[0273] It can check having realized the magnitude of attenuation of the inhibition zone 
specified from drawing 34 (A). Moreover, it can check having passed the frequency 
point specified from drawing 34 (C) and (D). 

[0274] That is, the low pass filter obtained by the algorithm which asks for "the 
minimum number of taps with which are satisfied of the magnitude of attenuation of 
an inhibition zone" has the good frequency response characteristic so that drawing 34 
may show. 

[0275] Moreover, drawing 35 is drawing showing the frequency response of the low 
pass filter obtained by the algorithm which asks for "the minimum number of taps 
which realizes the magnitude of attenuation of the specified inhibition zone." Drawing 
showing the frequency response which displayed drawing 35 (A) by the decibel, 
drawing showing the frequency response which displayed drawing 35 (B) with the 
value as it is, drawing where drawing 35 (C) expanded the gain 3 neighborhood, and 
drawing 35 (D) are drawings which expanded the gain 0 neighborhood. 
[0276] The basic algorithm in this case, a variable to ask, and the assignment 
frequency point are as follows: 

[0277] Basic algorithm: It is the REMUZU exchange algorithm which passes the 



frequency point of arbitration of asking for a filter with the terminal point frequency of 
the greatest pass band with which are satisfied of the magnitude of attenuation of an 
inhibition zone. 

- The magnitude of attenuation of ** symmetrical and an inhibition zone is the 
starting point frequency ws of a variable:, tap several N, and an inhibition zone to ask 
-60dB or less [0278]. 
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[0280] In addition, the continuous line shows the frequency response of the low pass 
filter of the minimum number of taps (17 taps) from which the magnitude of 
attenuation of an inhibition zone is set to -60dB or less in drawing 35 . Moreover, a 
dotted line shows the break of the band given beforehand, and the black dot shows 
the specified frequency point. 

[0281] It can check having realized the magnitude of attenuation of the inhibition zone 
specified from drawing 35 (A). Moreover, it can check having passed the frequency 
point specified from drawing 35 (C) and (D). 

[0282] That is, the low pass filter obtained by the algorithm which asks for "the 
minimum number of taps which realizes the magnitude of attenuation of the specified 
inhibition zone" has the good frequency response characteristic so that drawing 35 
may show. 

[0283] Next, the magnitude of attenuation of an inhibition zone is satisfied and the 
algorithm which asks for the filter of the number of the minimum taps which passes 
the frequency point of a transient region is explained. Here, the algorithm which asks 
for the filter of the number of the minimum taps which satisfies the magnitude of 
attenuation of an inhibition zone, and passes the frequency point of a transient region 
is explained to the algorithm which searches for the above "the filter which satisfies 
the magnitude of attenuation of an inhibition zone and passes the frequency point of a 
transient region." 

[0284] Drawing 36 is drawing showing the flow chart of the algorithm which asks for 
the filter of the number of the minimum taps which satisfies the magnitude of 
attenuation of an inhibition zone and passes the frequency point of a transient region. 



[0285] It is as follows when the parameter which becomes free with this algorithm, 
the object, and the principles of an algorithm are enumerated. 

* Free parameter : starting point frequency ws* object of the terminal point 
frequency wp and the inhibition zone of the number of - taps, and a pass band: The 
magnitude of attenuation dBs of the specified inhibition zone It is satisfied and is the 
frequency wc of a transient region. Magnitude of attenuation dBc The filter of the 
number of the minimum taps to pass is obtained. Namely, specific frequency wc of a 
transient region Magnitude of attenuation dBc Terminal point frequency wp of largest 
pass band that becomes Starting point frequency ws of the smallest inhibition zone It 
decides and the filter used as the minimum number of taps is obtained. 

* principle: since the magnitude of attenuation which the number of taps was lacking 
and was specified cannot be realized when becoming "having no solution" by the 1 st 
loop formation — the increase of the number of 1 taps — it carries out and tries 
again. Moreover, when the frequency point of a transient region is unrealizable, the 
number of 1 taps is increased and it tries again. 

[0286] Moreover, the content of each step processings F102, F103, and F104 of the 
algorithm explained to drawing 36 and the following and F1 05** is the same as the 
REMUZU exchange algorithm which passes the frequency point of the arbitration 
which was associated and was explained to drawing 6 like the case of the 1 st 
approach. Moreover, the content of processings F206, F207, and F208 is the same as 
that of the algorithm of the processing which was associated and was explained to 
drawing 9 , i.e., "a filter with the terminal point frequency of the largest pass band 
with which are satisfied of the magnitude of attenuation of an inhibition zone", or the 
algorithm of "a filter with the starting point frequency of the smallest inhibition zone 
with which are satisfied of the magnitude of attenuation of an inhibition zone" like the 
case of the 2nd approach. Furthermore, the content of processings F301, F309, F310, 
and F31 1 is the same as that of the processing which was associated and was 
explained to drawing 22 , i.e., "the algorithm which asks for the filter which satisfies 
the magnitude of attenuation of an inhibition zone and passes the assignment 
magnitude of attenuation in the specific frequency of a transient region." Therefore, 
about processing here, drawing 6 , drawing 9 , and the same sign as drawing 22 are 
used. 

[0287] As shown in step70 drawing 36 , initial setting is performed first (F301). Initial 
setting of the algorithm which asks for the filter which passes the magnitude of 
attenuation which satisfied the magnitude of attenuation of an inhibition zone, and 
was specifically specified as the transient region is performed. The item set up 
concretely is as follows. 

- The number of taps, as symmetrical [ a phase FIR filter ] with ** as - straight line 
or a ** symmetrical, The number of bands - Two pieces, the starting point frequency 
w= 0 of - pass band, the gain of - pass band, - The gain of terminal point frequency 
w=pi of an inhibition zone, and - inhibition zone, weighting to - pass band and an 
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inhibition zone, - The frequency of the point which you want to pass, and the 
magnitude of attenuation dBs (that is, the magnitude delta 2 of the ripple of an 
inhibition zone is pointed out) of amplitude value and - inhibition zone Frequency wc 
of - transient region Frequency w which becomes extremal value in the magnitude of 
attenuation dBc and - approximation band (0) = wk (0) (k= 0, ... R) 
However, right superscript (i) The count of a repeat is expressed. 
- The input of the initial frequency of a split half method [0288] The REMUZU 
exchange algorithm which passes the frequency point of step71 arbitration is 
performed (F102, F103, F104). Specifically by processing F102, generation is 
generated for the interpolation polynomial which interpolates the amplitude 
characteristic from an extreme point. Subsequently, in processing F103, a new 
extreme point is determined from the amplitude characteristic searched for from the 
interpolation polynomial. And a repeat judgment of a REMUZU exchange algorithm is 
made in processing F1 04. 

[0289] step72, next the minimum magnitude of attenuation in an inhibition zone (the 
greatest approximation error with weight) It asks (F206). 

[0290] It distinguishes whether the terminating condition of the search algorithm of a 
frequency which satisfies the magnitude of attenuation of the inhibition zone specified 
step73 is realized (F207). When a terminating condition is realized, and it shifts to 
processing of step77 (F309) and is not realized, it shifts to processing of step74 
(F208). 

[0291] When the terminating condition of the search algorithm of a frequency which 
satisfies the magnitude of attenuation of the inhibition zone specified step74 is not 
realized, setting out of a band is changed (F208). 

[0292] The comparison with the magnitude of attenuation of the inhibition zone 
specified step75 is performed (F414). In setting-out modification of the band of 
processing F208, when becoming "having no solution" by the 1st loop formation, it 
shifts to processing of step76 (F41 5), and when other, it returns to processing of 
step71. 

[0293] The increase of step761 tap, and ** (F415). The current number of taps is 
shifted to 1 tap increase coconut and the initialization process of step70 (F301). 
[0294] The magnitude of attenuation of the frequency which the terminating condition 
of the search algorithm of a frequency which satisfies the magnitude of attenuation of 
the inhibition zone specified step77 changed, and was specified as the ****** case in 
the transient region is investigated (F309). 

[0295] The comparison with the magnitude of attenuation of the inhibition zone 
specified step78 is performed (F310). When a terminating condition is realized, and it 
shifts to processing of step82 (F105) and is not realized, it shifts to processing of 
step79 (F311). 

[0296] When step79 terminating condition is not realized, setting out of a band is 
changed (F311). 



[0297] The comparison with the magnitude of attenuation of the inhibition zone 
specified step80 is performed (F416). In setting-out modification of the band of 
processing F31 1, when becoming "haying no solution" by the 1st loop formation, it 
shifts to processing of step81 (F41 7), and when other, it returns to processing of 
step71. 

[0298] The increase of step81 1 tap, and ** (F41 7). The current number of taps is 
shifted to 1 tap increase coconut and the initialization process of step70 (F301). 
[0299] At least a straight line asks for the multiplier of a phase FIR filter from the 
amplitude characteristic approximated step83 (F1 05). 

[0300] Drawing 37 is drawing showing the frequency response characteristic of the 
low pass filter obtained by the algorithm which asks for "the filter of the minimum 
number of taps which satisfies the magnitude of attenuation of an inhibition zone and 
passes the frequency point of a transient region." Drawing showing the frequency 
response which displayed drawing 37 (A) by the decibel, drawing showing the 
frequency response which displayed drawing 37 (B) with the value as it is, drawing 
where drawing 37 (C) expanded the gain 3 neighborhood, and drawing 37 (D) are 
drawings which expanded the gain 0 neighborhood. 

[0301] The basic algorithm in this case, a variable to ask, and the assignment 
frequency point are as follows. 

Basic algorithm: It is the REMUZU exchange algorithm which used as the base the 
algorithm which asks for the terminal point frequency of the greatest pass band with 
which are satisfied of the magnitude of attenuation of an inhibition zone and which 
obtains the filter which passes the frequency point of a transient region. 
- It is the starting point frequency ws of the terminal point frequency wp and the 
inhibition zone of the variable:, tap several N, and the pass band which the magnitude 
of attenuation of passage, ** symmetrical, and an inhibition zone wants to ask for 
0.4pi and 12dB -60dB or less [0302]. 
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[0304] In addition, the continuous line shows the frequency response of the low pass 
filter of the minimum number of taps (17 taps) which serves as -12dB or less of 



magnitude of attenuation by frequency 0.4pi of ******** from which the magnitude of 
attenuation of an inhibition zone is set to -60dB or less in drawing 37 . Moreover, a 
dotted line shows the break of the band given beforehand, and the black dot shows 
the specified frequency point. 

[0305] It can check having realized the magnitude of attenuation of the inhibition zone 
specified from drawing 37 (A). It can check having passed the frequency point 
specified as the transient region from drawing 37 (B). Moreover, it can check having 
passed the frequency point specified from drawing 35 (C) and (D). 
[0306] That is, the low pass filter obtained by the algorithm which asks for "the filter 
of the minimum number of taps which satisfies the magnitude of attenuation of an 
inhibition zone and passes the frequency point of a transient region" has the good 
frequency response characteristic so that drawing 37 may show. 
[0307] 

[Effect of the Invention] As explained above, according to this invention, there is an 
advantage which becomes possible [ having the frequency response which passes the 
frequency point of arbitration ]. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the transversal mold circuitry of an FIR filter. 
[Drawing 2] It is the enlarged drawing of the frequency-response and gain 1 
neighborhood in the conventional approach. 

[Drawing 3] An FIR filter is drawing in which at least a straight line shows the impulse 
response with a phase in four. 

[Drawing 4] At least a straight line is drawing showing Q (ejw) and R to four cases of 
a phase FIR filter. 

[Drawing 5] It is drawing showing the example of Chebyshev approximation with 
weight. 

[Drawing 6] It is the flow chart of the REMUZU exchange algorithm which passes the 
frequency point of the arbitration of this invention. 

[Drawing 7] It is drawing for explaining the method of determining the new extremal 
value of the approximation error E with weight (ejw). 

[Drawing 8] It is drawing showing the frequency response and enlarged drawing when 
specifying the frequency point of the arbitration of this invention. 
[Drawing 9] It is drawing showing the flow chart of the algorithm which asks for the 
filter with which are satisfied of the magnitude of attenuation of an inhibition zone. 
[Drawing 1 0] It is drawing showing the parameter of the algorithm which asks for a 



filter with the terminal point frequency of the largest pass band with which are 
satisfied of the magnitude of attenuation of an inhibition zone. 

[Drawing 11] It is drawing showing the initial frequency of the split half method in the 
algorithm which asks for a filter with the terminal point frequency of the largest pass 
band with which are satisfied of the magnitude of attenuation of an inhibition zone. 
[Drawing 12] It is drawing showing modification of band setting out in the first loop 
formation. 

[Drawing 1 3] It is drawing showing modification of band setting out in the loop 
formation after a two-times eye. 

[Drawing 14] It is drawing showing the frequency response of a filter with the terminal 
point frequency of the greatest pass band with which are satisfied of the magnitude 
of attenuation of an inhibition zone. 

[Drawing 1 5] It is drawing showing the parameter of the algorithm which asks for a 
filter with the starting point frequency of the smallest inhibition zone with which are 
satisfied of the magnitude of attenuation of an inhibition zone. 

[Drawing 1 6] It is drawing showing the initial frequency of the split half method in the 
algorithm which asks for a filter with the starting point frequency of the smallest 
inhibition zone with which are satisfied of the magnitude of attenuation of an inhibition 
zone. 

[Drawing 1 7] It is drawing showing modification of band setting out in the first loop 
formation. 

[Drawing 18] It is drawing showing modification of band setting out in the loop 
formation after a two-times eye. 

[Drawing 19] It is drawing showing the frequency response of a filter with the starting 
point frequency of the minimum inhibition zone with which are satisfied of the 
magnitude of attenuation of an inhibition zone. , 

[Drawing 20] It is drawing showing the flow chart of the algorithm which asks for the 
filter of the minimum number of taps with which are satisfied of the magnitude of 
attenuation of an inhibition zone. 

[Drawing 21] It is drawing showing the frequency response and enlarged drawing of 
the filter of the minimum number of taps which realizes the magnitude of attenuation 
of an inhibition zone. 

[Drawing 22] It is drawing showing the flow chart of the algorithm which asks for the 
filter which satisfies the magnitude of attenuation of an inhibition zone and passes the 
frequency point of a transient region. 

[Drawing 23] It is drawing showing the algorithm (1 ) which asks for the filter which 
satisfies the magnitude of attenuation of an inhibition zone and passes the frequency 
point of a transient region. 

[Drawing 24] It is drawing showing the initial frequency of the split half method in the 
algorithm which asks for the filter which satisfies the magnitude of attenuation of an 
inhibition zone and passes the frequency point of a transient region. 



[Drawing 25] It is drawing showing modification of band setting out in the first loop 
formation. 

[Drawing 26] It is drawing showing modification of band setting out in the loop 
formation after a two-times eye. 

[Drawing 27] It is drawing showing the frequency response and enlarged drawing of 
the filter which satisfies the magnitude of attenuation of an inhibition zone and passes 
the frequency point of a transient region. 

[Drawing 28] It is drawing showing the algorithm (2) which asks for the filter which 
satisfies the magnitude of attenuation of an inhibition zone and passes the frequency 
point of a transient region. 

[Drawing 29] It is drawing showing the initial frequency of the split half method in the 

algorithm which asks for the filter which satisfies the magnitude of attenuation of an 

inhibition zone and passes the frequency point of a transient region. 

[Drawing 30] It is drawing showing modification of band setting out in the first loop 

formation. 

[Drawing 31] It is drawing showing modification of band setting out in the loop 
formation after a two-times eye. 

[Drawing 32] It is drawing showing the frequency response and enlarged drawing of 
the filter which satisfies the magnitude of attenuation of an inhibition zone and passes 
the frequency point of a transient region. 

[Drawing 33] It is drawing showing the flow chart of the algorithm which asks for the 
filter of the minimum number of taps which realizes the magnitude of attenuation of 
an inhibition zone. 

[Drawing 34] It is drawing showing the frequency response and enlarged drawing of 
the filter of the minimum number of taps with which are satisfied of the magnitude of 
attenuation of an inhibition zone. 

[Drawing 35] It is drawing showing the frequency response and enlarged drawing of 
the filter of the minimum number of taps with which are satisfied of the magnitude of 
attenuation of an inhibition zone. 

[Drawing 36] It is drawing showing the flow chart of the algorithm which asks for the 
filter of the minimum number of taps which satisfies the magnitude of attenuation of 
an inhibition zone and passes the frequency point of a transient region. 
[Drawing 37] It is drawing showing the frequency response and enlarged drawing of 
the filter of the number of the minimum taps which satisfies the magnitude of 
attenuation of an inhibition zone, and passes the frequency point of a transition region. 
[Description of Notations] 

1 — At least a straight line is a phase FIR filter and 2-1 to 2-n-1. — [ — An adder, h 
(0) - h (n-1 ) / — A filter factor, TIN / — An input terminal and TOUT / — output 
terminal. ] A delay machine, 3-1 - 3-n — A multiplier, 4 
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[If 2 ] -f >/ WBBRIB«T«* *U 

&m<om%i&&zm&?2> «fc 5 fc^&tf^flna.fcT'Ji' 

SdCttCfcy, ±IB7Y;U^^»*gtiJ-r5F I R7 

4 MO)?* i\,9fmom&s&. 

[gS5RJ?!3] ±Efi3W*tW-iS«tt» ffiSWJgfcSuSfc 
iIiaT*L^X£& (Remez Exchange) TlUVXirit 
m^T. HfH©»tt»C»LTS5W«aJ2IBK<0F I R 

^E'TV/t/UXJSSJb^'r/l/^^Stt^oTt^F I R 

««wtt**miDr*«M*3Ha«sj«-r*jii i xr* x 
t. 

±essi i x^* ^#6nrc*tF^^^6*»6tirc 

±ESfM ZfteXUm 2Xt7 X£*SS y s u msr 
*mc * y l&TT 3 X t 1 v x t % 

±ESS 3Xr'y XT*ifift(;*- *lfcJSi@1f146^6±l37 -f /I/ 

[11^5] ±E* 1 X^yXfcirdHuKs «»: 
*>f i R7<;i/^©ia^ /t>K©i»&» aas-tffci* 

SX7 1 y^SWrSli*«4IBll<0F I R-7-f/U^0)7 
[11^6] ±EJS2 7.7 1 ';'X;&<fctf1g3X7 1 yXT* 

* tc«aifi«tf »6 ti/fc t wwr 4E«© f i 

[ff*JS7] ±E*i4X^s'XTi*» tftcOEfciM 

#aa-r * «fe -5 &ftj»&fl : £AD x./tT'inf y xas-e ^ 
y, ±i37-f/u-S'^a«^ai-rsK^4f3Sia)F i r 

ailTSUkXStfft (Remez Exchange) T^rPJXA^ 



ffll^T, ffiM<D#14lCttLTfr-5W2£Jg7Ei^F I R 
7-f;l/^©7^/b^fSt©a^. 

SKi'>/N°;uxs5;^7'f;u^^»t*oT*jys ex 

^775fnFIR7^MT'$?T, 
±E7-rJU*«tttf» ±E*vXtt*Rl*fcU /fc/K 

m*&*m&tz£?ftmm&ft*ti\\tt-r)\>3ij xu 

I R7-fMo 
[§i*JS 10] <>/ UUXJ6StfWH*IHi«T«S 

ex<D$ y Xfcwr* f i R7<</i'*a>7<rjU9ffiR«> 

HS7j^T'«oT, 

R 7-f /l/^C07^/U^fifta<DS^73«. 

*ffim?Z&%;<Dm%l&J&*mm?ZlsJ*Xl£%i (Reme 
z Exchange) Til J'J XZxfcffllT, ffiSO?S14K*tL 
T^3if5RJS1 0EKOF I R7-f;l/^07-fM§». 

itiaaa 12] -r >/ \°/uxt5S*^is^F^ST*a* 

tu ^i£^W*/UXJfcStf7<>U*<fc»<h&^T;fcy> 
««fctt*«l»r*«H**S*£jaf Xf77 
±IB^1X7 1 y-7°fc«fcc/Sl2X7 i yy^»JigU Plf^ 

y mi-rzn 3 ^^-y xt, 

±13^ 3 Xt- v XT*ifift(* +l/cJSi®^146-5Pl±lSE©^ 
«*H~C«JII.4X?'j'.7&« 

XxyXt. 

±13^ 5 y XT*m^O*#^2SJl Lrc±13M 3 Xt 

&lt> 7 XT y 7 tZmtZF I R^-OU^O^-fyU 

[IfSRiS 1 3 ] ±E» ary X^TetulC '>^< 
tt,F I R7^M<0S^ /\'>K<DI9^ aia^ft 
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2fBK©F I R7 -r 1M(D7 ■< )l^Wm.<DW^f5^o 
[W#JS14] ±ESg4Xx'y7T'li* fflikttlcfiW- 

±iBSg6Xx'y7-m* vTOMHWTWWII 2E« 

[K 3^1 15] ±IBSg 77 x ? ^Tli. ±E* * 7a 
ZvjmtL. Jt>\?Z®l£Ltc®'£;lZs PlitisE©3SgS 

* ^ftiwftftfl* 

lc«fcy. ±E7-r;l/*«»*JWJ-r%«li9Wi 2EiK© 
mm i 6 ] ±EB*ttitfEftu& piit*s©aigfi 

*»Sr *ffKOJBaJMbai«iiJftr * Ui*XJ« (Reme 
z Exchange) T'/UzTU XAftffi^T. mS©1S14K*tL 
TfrMMUKTSEttOF I R7<;b$©7</Wi» 

[it tm i7] -f y / <;i/X(5S^wisi^HST*a* 
*u ii-f>/^{S;stf7^^iatSoTfi'J, 

±E7-nu*«»#s ±&2v7&&mmT\ st>KK 

[If 381 18] -TV/ tyUXti»#*RBmA-?85- 

'EEScCD^yy^WrSF I R7<il/^©7-fMiSK© 
-a T» 

±E* * TIMMtts i \y K»JEttSaERT«ft«^ 
S<fc-p^Ji^^^llDX/i:7'/Ud , '/XL,^ffl^T, Pllh 

-^ia<tt£fr 5 chicly. ±E7*/I/*«r*wuit 

«**1 9] . ±f3M*tttti£ftlW\ Plit«©M£fi 

*»Er*ffK©fflaa»jS*aBar*ui*X!saft (Reme 

z Exchange) T^HTy X^E^T, ffiS©1#14lc » L 
•TfidMWMI 8fS«©F I R7-f /l/*©7-f/l/*fi&a 

[M 2 0] -f V/ \°/UXJS§# *fPSI$B«T'g;3r 

*y71W«£?, /«>'KK3fettXKqll!«F I R7-f 



±EW 1 X^y rT»5nfta«>JR8C<f6*»6ftft 

±e»i xr»'rfij:ifli2XT»^wiyiu 

±E* 3 Xt 1 ■> r^jfi(K*+ifcJi'l§1tttA x 5PlitlSE©aa 

HS^fcSSflfi Lfcffiik«©»M*J«R U it® 
KSiB^W3e©*ff *3WE -LT^*4^^*«Bfr ** 5 

±IBSg 5 X5 1 y ^(OiimJRtfl^© AfF«ate LTV 

±fam 5 xf'i' rr-m3£©*#*3tsu/-c±iBm 3 x^ 

[»$12 1] ±IBS5lX7 i 'yy^?T-5B5^ 'J>&< 

^ffig©JS-»ajSi©A*K «J)(l!aflba©K&- KEifctt© 

0iBS©F I R 7 -r/U* ©7 &a©i9£7j;£o 
[RM 2 2 ] ±IBS 4 •> 7TH*, RiibSitefctt 
**/J^C3ai*«B'<*liaOH2 0IBK©F I R7< ;|/ 
*©7-f/U£fi&a©tft;£7J5ik 

m*8 2 3 ] ±es 7Xf-y tw** ±re* •> 7a 

tf@£T\ /*> KMttXEWkMKU Hih'tt©* 

s.fflt©fl»Rja*aaT* <t 3 feMiMt 
fF*i«*fc7'/u:jyxA*fflt>T, Pflit*s©««»*;S 

JET*«fc die* HrH©»ttt!:»LT«*o*ifi«*fT3 

«©F I R7-f/U^©7>riU^^a©SE73^c 
MM2 4J ±EM^tiS«tt, HikWMCU 
*3IET*ff*©flS»ja«iifflT*V^X3» (Reme 
z Exchange) T'/UdTy XZ*£E(^Tv ffiS©1SteKttL 
Tf53»*H2 3EI8©F I R7-f W7-fMfiHR 

©iajtTja. 

ami 253 -r >/ wx^tf frHPtHaT*'* 
*u aK-r>/</ux*fi»tf7-f/i<*fl«kt*-3Tfcy» 

±E7 ma*\ ±E* v 7W*mvs rfym 

©1$14lC*f LTfi^-P* ifiiH^?T5 c <h ic«fe y Kj£*ti 
Tt^SF I R7-fll/?„ 
[If 5R« 2 6 ] -f>/ \°JUXfS^#Pfi^ST*a3- 

tu SK-rvAiUXiRStf^-r/u^watftoTfey, 

S^75-»T*»^T, 

±iB^ y -7®tf*mT\ Ka^ti^MRl^ii^ 

ic. Pfliti§E©^g*«:3ss-r%«sc©s»a^^jsa-r 
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* J:3ftsjttftfr*aaa.fc7'ji/3y xa*«^t, pi± 
o*iMi*ff3E£icj:y* ±iB7 -oizm&izntii? 

5F I R7^/U$©7^U*GS&©fS5££>!£, 
[W*JS2 7] ±BK^ltifiW»* HihJftDSSS . 
*«Er*««OJSa»jSl*Siift-r*lxixXSE» (Reme 
z Exchange) 7*/U=TUXix*ffllT, RfrM©$314lc *t L 
Tfr3«S8H2 6E«0i= I R7-f ;U*©7-f /U^flMJC 
©K£*au 

±ib* i xt* 7T-i# 6n/£«M*saar6*»stin: 
±l3*lX5 i «y7fc«fclj : *2X7 1 <y7*«gy>gU ms£ 

*roc * y *ttsw 3 xf v yts 

±ib* 3 xt v r-wfi«* nfciBMWtt^s p§±«a)« 

M*B^*W4 Xt 1 y 7<h. 
«^fc^»£»jeLfcHifctt©*M*iH8U it® 

±ib* s y 7o>tt,m&m&mma>jkftZttE. ltl* 

±13* 6Xfy 7TV KSIis 3i*E©* •> ^»7B 

7<h. 

±§3* 7Xfy 7?»e LTL>*t* £*IK LfcJMMc, 

* » 7»*£M-r** a xf-y 7£, 

±13* 5Xf7 Tvm&G>***mSi.L1t±XSK 3 X^ 
■y 7K<fc y iHK?ti»MH*ttfr6±E7 < ;U*&»£ 
«465IS9Xf77tSft5F I R7<;l^©7-f/U 

[n^a2 9] ±ib* i xf7 7*fr3m^ 'j>&< 

c*tt«©HaMtos©x*u wambSLOK&. phl®© 
««©»j£^3«MW*xyv^**r*mwi2 

8K©F l«7*jU*©7-f/l/*««©We*». 
MOT3 0] ±IB*4X5 1 y7T*li, PflitS&lcfctt 

±13* 8 xt y zr-ett* >y ymzm^tm turn 2 8 kkl 

©F I R7-f/U^©-7-f^^^SJ<7)ia^s£o 
[flftS 3 1 ] ±f 3Sg 9 7t7 7T-1*. ±13* >y 7» 

a«*«jer sffKojiaiws^aia-r* J: 3a*Jtt* 



c t it <t y s ±K7 j u4r«Wc»ar znxm 2 8 is 

|g© F I R7-f /U*.©7<;l/*«tt©HJt*3£. 
[flim-3 2] ±EM*ttttiSftlW\ Hihtt©*** 
*iMiT*fflt©H*2flRja*aiaT* U/*X£« (Reme 
z Exchange) 7iU3VXU*mvTs mH©»1tte»L 
TS-5IS5RIS3 1I3K©F I R7</l/^©7-<;l/'?ia 

±E7-rJU*fl«Hfc ±13* vWIS7, /*> KK- 
j**5Kir**3ft«!lttftff*llP*ft7';l/JyXA*ffl 

«LTfi*o*ifi«*f73 c <ttr<fe y«M&ar*iTv*.F 

I R7-TM. 

[■#■ 34] -r >■/ ^i/xtss^wiBiessTS* 
*u att^rv/</ux(K»tf7-f;u*flWfca-3Tasy. 

ffiC*y7"*W*F I R7-f/U*©7f ;U*#S© 
±E*-y7»#BJ£T* /t>'KR£tt*ERrflBtt1l6. 

©xm«bit*» ««©««»&«■»*** 5 a 
sijtt*#*iiDjtfc7 T ;u=ryxA*fflt>T, sifctioam 

«*»ET**3fc:, ffiH©»ttfc**LTM«o#ififcl 

ss5c£i«:j:y, ±137 -r/u* f 1 r 

7*/U*©7*/U*«»©K:t*3£. 
IM&ms 5] ±E«*«»tififtltt» PI±«E©^g» 

6^oil»«©*i3£Sifttt©i«g«*iiia-r 
^5, fflK«>Mafelbft«HKir«Vi4XSafe (Remez Exch 
ange) 7*;Hr'J X^^fflt^T^ mM©^tt(C«LTff 3 
»^H3 4IBI8©F I R7-f;^0)7'fi^«a« 

[IS*^ 3 6] ^UXJSS^PS^gT'S* 

/u*©7-r/u*^a©tas^T'«oTv 
mwtt*Mnr««in»qm£icr-««i x^y7 

±13* 1 X^-> 7T*^5nn:ffiia^3S^5*»6n/i: 
JS*s1$1t3b^«rLC>ffi<ijS=&^-rs*2X7 l 'y7i:, 
±13*1 X^y7fe*tm2Xxy7«»yiBU 

*mc«t y i^yr ** 3 x^ ? ft. 

±13* 3 <y 7^ifi«T!FftfeJHa»ttz^6l!lit«©« 

gfi^^«*4X7 i -y7«!:. 

±IB*4 Xxy 7T'P^fcX§S<tJi^LrcPa±JSE©SE 

aSttKL tk«!^*zynff^©*^3ISUT^S^ 
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±%m s x^y zr<Dtmtemtfmj£<D$kft&ffi&LT^ 
±fasg 5 xr y yvm^^^^Ltcm^m^m 

±E)ft 7 y 7©Jt3^liltf ffij£©&#£;g£LT^ 

im3 7] ±K* 1 7LTV?*fi?B(il^ 
ttF I R7-r;b*©§&3£, /<>K©lftJ£, »a*-ttfc 

aaga©*^ a«s©»»aBrr©a«t*©we* 
^3«MHt£xf y^iirsmaHa 6ER©f i r 
7 -f ) b $ © 7 4 ll> z wBKD&mJsm, 

mm 3 8 ] ±E3g 4X77 7TS*s HihWcSft 
«B'J«oami*IKC«ll«]]l 3 6 Ett© F IR70 
£ ©7 -c jb* «»<0ta^75« o 

[if^JS3 9] JtE»10Xf»7n*, ±E*y7" 
ttflWPs /^hTKBBRTKWWIc. Pfl±«© 

^./c7';i/=ruxiA^ffli^. ia±«©3Mai*3«Er*. 
*y» ±i37^yu^ffia*gffi-rsn*^3 6§BK©F 

mm A 01 ±EM*ttttiS«tt» Kihtt©*« 

ff«OJB-aBtjjl«iijir*lx/»X3aft.{Reinez Exch 
ange) T'Jbzr yXAfcSlT* nffS©»ttfc:»LT»3 
II#Jl3 9Ei8©F I R7f>b$©7'f>b$tfi&©&3£ 

MMtiH4 1 ] *y/t/bX^#*aH«H*T«* 

ffl80**7tfiT5F I R7-nb*T*fco7\ 

£li£gHJfi6fcS§£K. Hit«E©3GM*aiEU fro 

a8«©«ffi«aM»<o«M*iiar*. ««©«•»» 
-jA«wir« J: a ft«M&jfefl*iip ji/fcT'/nry xz**ji 

»LTfi*0*ifi«*f73 C £tC<fc y »je*nT^* f 

[»*JS4 2] ^wtibXJSStfWIHBSWST** 
M$K^>^bXJ&gtf7^/l/*^S<hfcoTfc»J. 
fiS©^y7?WT5F I R7f /b9©7-f/b*fllBt© 

±E* v 7Sff rTST*. / K»SttaEJBRrttft«S- 



©;&g*£iia-r3. ffttfl)jBa»jS*jBait*«k3*- 
»jttft#*nn*.fc7 , ju:jy XA*ffl^T. Pflits©sa§ 
ssssts-r * * 5 .ma©«tttc» LT«*o*ar« 

fcfrSEitCfctK ±E7*/b*«R*»WT*F I R 
7 * Jb* ©7 <r Jb* ^K©a^^». 

ffSWJiieSjS^Jijl-r* UAX3SS (Remez Exch 
ange) T'/b-Ty XI**JBI/»T» HrH©i«t»i:»LT«9 
W5l»H4 2E««DF I R7-f;^©7^Jl/^ffia©SI 

[§§$14 4] -r>/0bXJ5»tfWIBftlH«"P«* 

♦u ^-<>/\ o ;bxfS^7-f/b^«at*oTfcys 

>*WrIK. ./^KKHJEBWBttF I R7< 
;b*©7 -f /b* o T» 

«»tt»»nT**BMK*»r*« 1 Xx y 7 

±ejb 1 x^y rr»6nft»B*asHrs«a6'snfc 
nns»6K Lb>wu[«%e , r «ss 2 xr •> rt. 

±ESlX7 1 y7*J«J:tfm2X7 1 'y7*ISyiiU mse 

*fHc«fey»7r«»3Xyy7't, 

±ES 3 Xt 1 y 7Tifi(K*tifcJHS^14i)>6PflJl:«E©» 

^S=&IS^M4X7 1 y7t> 

±es 4 x^.y.7^iK?fc3ra«i»a-LfciB±«©x 

±E» 5 Xx y 7©Jt^Stf m3£©&fF=&3Se LTl % 

±EW 6 Xx y 77?/ KXKfe Slfc©* » 7»T*P1 
ih»©30l««aWBTf ** JtT5jfiC*W»r ** 7 Xfv 
7t. 

±E» 7 Xr •> 7?;SJe-c**&^£¥iJ« L.fc«^tc*'y 

7«*xar*m8X7 i y7t, 

±E» 5 X x v 7T*m^©*#^3SS L fcS«lSE©*gS 

iSf&a©^SS^il^5^ 9 X5 1 y 7t , 

±EW 9XT7 TT'l^^rcS^iSEOJg^aao^gfi 

ftfMHiELT^«£lW«¥!lffr«Xl 0Xxv7 

±EJHl 0Xxy7©J±R!»Smtfm^©*fr*SIJSLT 

t. 

±E« 1 Uf7 7T*/ h«, ^S©^ y 7SfeT- 
spJKr^Sl 2^f*7t, 

±E3S 1 2 Xf7 7Tiia*«*c:i:#X?*ftC>t«Br 
Lfc»$tc*y7»*«jer*JBl 3Xr>y7i, 
±E« 1 0Xf7 rTWEOftttfcaS Lfcifitt*tlfc 
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[W*iH 4 5 ] ±82SB l^j'y T^fr 5 10 tc» . < 
^ft^t7)j§fca,£t7);\*K PIltiSEO 

7 -r ©7 }i>?w8«Dnttma 
±iBig 8 7f •> yfccfct/m i 37x7 7T-t** 

«^-rK^4 4IBKCDF I R7-f/l/*-©7-nU*«tt 

I R7</l/*Q7</l/*t6ROt85£7J;2;= 

fi«<DJS3MRjj|«l>ft-r« L>Z*X5afe (Remez Exch 
ange) TlHV XLJtmsX* WH©W1ttC»LTff3 
HM«H4 7E»DF I R7<^$07-f<^»iaS 

[$gfB<DPSfflfci«f£] 
[000 1] 

[000 2] 

^WttfremfiMBF I R(Finite Impulse Response; 

[0003] m\i*. mmiSLmF i R7-f^h7*/ 

l R7-f/l/*m, Emc;jvr<fcdK, A?jiSr?TIMc 
^LT^ffiilSg5-tl->7 hlxv^X-Si^fiicr* (n - 

1) <!©5!5i8g2-1~2-n-1<h. Art4ir?TJNKA 
7D3-nfc«^33<fcU : Sa®S§2 - I ~2 -n-1 ©t±S73ft 
#K#LT*ftf , n7-f;U'S^»h (0) ~h (n- 

SUI&3 - 1 ~3 - n©Ua«#*lfl«Lai2>flB?T0U 

t iciti*rr*flnfi«4K<fcy&fi£?*iSo 

[0 0 0 4] C0)cfc-5^:ifi«gffifflF I R7-()M<Dftm 
ttfct8frtf£<t LTI4, /ct^tf Parks, T.W. and McClel 



Ian, J.H. e^lUMUiF I R7<;U*fcigjjllLfclxA 
XJ£&(Remez Exchange) 7'/l'3yXAtfH]6*l"c%>3 

(Parks, T.W. and McClel Ian, J. H. : "Chebyshev Appro 
ximation for Nonrecursive Digital Filters with Lin 
ear Phase'. IEEE Trans. Circuit Theory, CT-19. 2,p 
p. 189-194, 1972, fc«fet/Rabiner. L. R. , McClel Ian, 
J.H. and Parks, T.W. : "FIR Digital Filter Design T 
echniques Using Weighted Chebyshev Approximation", 

Proc. IEEE, Vol63. April, pp. 595-610, 1975 # 
RD . 

[0005] uAXS«!7 , ;i/=fuXA»*, ■ mwowm 

[0 0 0 6] 

[0 0 0 7] LfrLfctf£ v UAX^Zil/ZTUX^lC 
lis WD&ttmmftlbZ. -T^to-B, H 2 £5***3 
lc. UAXX«i7';l/=ruX^T'li. mSLfcffit^JSjfc 

[0 0 0 8] *$8H8li. 3b^SW1f{Cjg^T^?n/i:t. 

©ffit>. -e^awti, es©Eas»jS*iai&*sjsafc 

[0009] 

[s®=£i»^-r«fi:«)©#©] ±iaaw«^fiK-rs/i: 

SK>TVAVl/Xf5^7-f;l/^^»t^oTte^SF I 
»£«!»**<*: 3 JWtOttjfcfMf jW JlfcZJU XA£ 

[0 010] *3tH&. -f >/WXfSStflrBW 

5fift(^?T a cktccfcy, ±iB7-</u**R*sm**. 

[00 1 1] «fc> ±IBfi*#»tifi«W:» 
ffK©iaa«»*«BjSr*U/xX3aft (Remez Exchang 
e) 7iildUXi»*ji^T, RfaoWtttcMLTfrd. 

[0 0 12] *5g^tt. -f-V/MtXfHHMiHB 

oW4F ! R7<^^©7^;^ia©SS7jaT*$ 

jswrs WHttt*»iBT **ib*jssg*£/se**» i x 

t- * 7£> ±SBSff 1 Xt?» 7T*?#5 ttfcSia^JISefrS 

r'y7i, ±iami x 733 .fct/m 2 t. ^ •> 7^ta »j 
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igu mm&mctvi&TTz&sxTvyt. ±IB* 

3 Xry ^T'34ftt* ftfcJSBWtttf S±K7 •< 
[0 0 13] ±IB*3©X7 1 >y70*S7& 

mamxmtmm l nxm mm*? terns, a* e & u 

46HBE LfcS«0tt(Cjl L/£JS^*»«r * E £ tfT* 

[0 0 14] *BB*M:» ±E«1X^vr«fT 

5HHc, '>S<ttF |-R7wiU*©BUe» M>K<DK 

[0 0 15] *»H7tts ±IBm2 7.7 1 'y^fc<fc 

if* 3 xf -y ^T'ti. «mfcffl^fe«ffljsa*stttfcr*i 
3?46, $*fcM*iffLi>sBA& u smaxnmtm- 

[0 0 16] £fc, ±E*4*f 

[0017] $f C » Y>/ouxm#«Rm 

>K*B£Ut«ftlc. Bjk«M>3«K>«»er«fiX 

Xi*=&ffl^Ts IB±«03««*»Jef*«fe3»5:». WH 
©1S14lc*t LTi*o$ i&M&ffo z. t KJ: y i8£3rn 

[0 0 18] *S8Mtt».-r>/^UXlS»fl«*IBft 
;UdyXix*fflLNT» BiitJSE©Mgfi*SIJE-r*<fe3 

ic mH©wtt»=»LT«*-3«ififfii*fTdc tic «»: 
y, ±E7-f/u*flw*»ar*. 
[0019] <v/t/i/xrs§tf*rpsps 

f>5F I R7< /U*©7^/U£ffiR6>K££3TC&-3 

y7"t. ±IB*1 X?y?TO6nfcfflHM£»S:* 
•SftfcBB^frS«Ll'*Bjft*»*T** 2 *r 
y7t, ±EW1 ^?v3^«felf*2X^vr«i»yig 
U BT£*WcJ:'^7t5I3 7f'y7i, JJBW3 



^4XT77*t; M^fcaatt&ttC'ifciBjhtta 

flWMWfT * W 5 XT-yft* ±13* 5Xr^ 7© 

itB^s^m^^^^^JE LT^^m-siz* y ym 

6 7>f7 7t . ±IB* 5 X=r y fT-m^V) 
*ft**E Lfc±IB» 3 Xt 1 -y rtc* y fifti* tifcflfl 
1§146^6±fB7 -c H/*fi6»*#®3* 7 XTv ytzm 

[0 0 2 0] £fc> *5IWT*ttv ±iB*1X^*>y*?T 
5iutc. 'j>ft<<tfcF I R7-</U^0taSv -/^>K©R 

[0 0 2 1] Sfc. **WTtt, ±IB*4 7.7 1 -y7T' 

[0022] *3£f!8T*{i. ±fiB* 7 Xt 1 y 7T' 

lSEOMgfi^3SS-r * «fc 3 IC % mS0)^14lC*f LTS* 

o$iaiw$trac«!;tcj:y, jbB7*/u*«R*»Hj-r 

So 

[0 0 2 3] *5«Wtts O/^l/XfSS^WffiBt 

B«?a«!rtu m&<>/siuxis&&74 ;i/*«s*:ft 

■±B7*/U*«Btt&. ±E*y7WBJ&C» 

mm<DftmcttLzm*--o : zmL*n? c t ic* yiajt 

[0 0 2 4] Y>/t/UXfSStF4mK 

n si's* *u a^'T >itiuzjsm#y < 'ft 
/ KBtettaM RiiBftn^Cx • PiifcaE©M§a^^e 

ic. mH©Wtttc»LTS*o*Jfi«*fi3CI:tc«l: 
y, ±E7< /U^.«RR«Btilt«. 
[0 0 2 5] *f=s *fgtE«\ O/t/l/^fSS^WPfil^ 

f I Ry^i^ay-p-o^mKDWC^^T'tb^X. ft 

BWtt*»Br*»B*flB»S«r**1 Xt7 7 
<!:> ±IB*1 ^y-ym»Stifc«M*?ia3tr&*46S 
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*^jBf-r*m 5 xf> rt, ±iam 5 x^ y ya>\m 

*fMrj»JB Lfc±E» 3Xfy 7°KJ: y ilrftt*tifcfi« 
6±1B7 -r ;U*^a=&#&*3g 7 Xt 1 y 7* £ 

[0 0 2 6] £fc> *S£fET'l*. ±13311 TsT-vttVi 
'>fc<<tt>F I R7>f/l/*(Di9J^ /t>K4>tt 

[0 0 2 7] Ztc. *S6^T'(i. ±i33f4X7 1 y7'T* 
[0 0 2 8] £fcu *WWPtt, ±i3Sg7Xxy7*T' 

a, ±i3*y7»#@jrr\ /&\*mmtmw5jmrj:m 

*o$ifi(K^T5c:i:lcJ:y. ±i37-<;U2^a£I?tfi 

[0 0 2 9] 3:fc. -O/MXJHMttflH* 
POST'S* SiS'T V/ \°;UXJS;§#7 -f ll,Z%&t ts. 

T\ ±I37-r/l/S«S»Jb\ ±IB'S»'y^»3b , <RlS?s i\V 

^mmtmmRsmrsm^iz. RihttoMsasxer* 
mmoftmcttLTnfr-oz jaiet^f 5 ctic £ y bus 

[0 0 3 0] £fc, *9SW& -O/WXJMFiSWllBBS 
P^gT-S**!, w\°/UXfSStf 7 >r ;u^«a<k^ 

)V^W&LO>Wm.l5m^io-DT. ±13* y 7WrJ£T% 

y, ±iB7-r;U^^«^»tll-r5o 
[00 3 1] *««att. -r>/WX*S»tMllBB3' 
M«T«**U ■a«-r>/0l/X(Wtf7-f"il/4r««i:ft 

F I R7-fi^fl)7-f/^iS[©i9^?*5T, M 

tifcwnvttfr u/Mjatswrr s» 2Xf77 

±E»TX^ra3«fctf*2X7 1 y7*ltyjEU 



WffiftfKE «fc y SIS 3 7.x y 7*£, ±13» 3 Xx 

g47f77i, ra^/-cj^fit^L/-cPIit«©^* 

frZWftt 2>m 5Xf77i, ±1351 5 y 7°4>it& 

^MfSSf 6 7vf'>7L ±fBSf6Xxy7"T*/OK 
» ^ffi<D^y7»T'PlltJSEO^sa«-3S£T'*S 
jMS3^**I»fr 7 7>f y > ±13§f 7 y 7T' 
^SLTl^L^JK Lfcig£K> * y 7°«*£S-r* 
S8Xf-y7"i, ±1331 57xf-y7T'fifr£^^E 
Lfc±IBS? 3 Xt y 7°l<: <fc y iffltt* tifcJS*@1f1S^6± 
137 W ;l/*&S£#4&*3f 9 Zt y *Wr5o 
[0 0 3 2] £fc. *5BSBT-tt. ±1331 1 Xxy7*£tT 
■PHUlC, '>*<tt,F I R7f /1/*<*>I8J£, /OKOtt 

[0033] £ fc, **«Tftt, ±1331 4 Xx y 7"T* 

[0 0 3 4] «fcs *58ET*te, ±13319 XxyTT* 
fi. ±I3*y7Uttfpj£-r% M> Ki9Jtl;}Mnrfig&Ji 

^ic, Pi±isE©Mg*^aj£-r5«jicoii»a^*iiia 
■T5«fe d^Ji^*#^J!ip^rcz/uzry x^^s^t. pi 
itJss©Misfi*»j£-r* «»: 5 ma<z>*5f*u:*t ura 
*o*5fift(^dc:«!:l<:«fcy, ±137 ;l/^«a«gtU 

[0 0 3 5] ^fcs 'T>'/^UXtSg7b^PfiB§ 
PpSg-TSi^+U ^iS-rv/\°/UXfSS^7-r^^«a<!:^: 
oTfcy, «li©^y7'^WrSF I R7-<;U*T*25-3 
T. ±I37-ril/^«a6^ ±IB-S»y7'a!tj«@^T*s 

3^oa»«<o»ffi«a»<D«a«=&iii«r«». ««©» 
^»^iija-rs<fe 5^jiSi?j*#€-jra^fc7'yu=ry x^ 
^fflt^T. Pi±JsE<D^gs^sgs-rsj:dic. ma©it 
eic*f LTS*o*jfi(w*^d tic <fc y fa^nr^ 

•5. 

[0 0 3 6] *«^tt, < y/^l/XJ5StfWPfil« 

P^T*S*+iv lK-rv/\';l/Xf5^7-f;U^^ai:^ 
oTfcy. ffli0^y7*^wr*F I R7^r;l/iS»^7'f 

#oraig<^£a»cto8H4niii*-«« sa 
<Dii-»a^«jija-r s * -5 *«ai5*fl=«3«iji/t7 r ;nf y 
x^^ffl^Ts pfl±Js?^M««^s-r^«k3ic, mm 

O^itMLXm^^i&n^noCHc^V. ±137 
[0 0 3 7] *fc, -fV/</UX*S»tf*H« 
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F I R7 -f lls*<D? [4 /U*^gfCDg:5£7j>£T*2SoZ\ m 
BWtt*«IHr*«IIB*3ISC*Sia-r*IB Ur^ 

±E*1X777fc£tf*2X7y7:&ii*ySgU 
J:^7m37f'y^ ±E* 3 X 7 
y ■JT-i&MStifcMmft&fr 5 PlitfeEtf^liMfciJ^S 
164777^, ±E*l4X7^Tril'<fc*M£» 

£^JELTl^fr5fr£¥U^S*5X7y:^ ±E 
* 5 Xr 7 7©ltt^£tfffi5£a>&#*;SE LtV&l> 
i^c/^/K(0l9^81t5»6XTy^, ±E* 
5 X7 7 rrW£<D*fl=*3WE LfcW**<MBJt»iB» 
cD&gfifcSa'*** 7 7>T7 7ts ±E* 77t7 7T» 

rareitftu ttiiwsjRtfWjecifcff^aiJELT^*, 

^#*WWT** 8 Xf 7 7 ±E* 7 XT v 7(0 
«J£«BET*S9X7y7£» ±E*7X7 7 7T*m 

[0 0 3 8] fcfc, *»HTW:» ±I3SlXf'y7"«ff 

««©sje*ff3iDMirax7-y7**T*. 

[0 0 3 9] *tts *fffi&ts ±E*4X7y77? 

[0040] *5i^T'tt, ±E* 1 0X77 77 

liv ±E*y7»tf@jrc i * /f>KMJ£ttSHERjflWl:iB. 

ftSWMWfftM *.fc7*/HfU Xi»*»f»T. Pfl±«<D?JS 

sic mscD^ttic^LTM^o^ja 

[0 04 1] 3=fc, *9BHfi« -f W^UXJfcgtfWPSfS 

oTJs'j. «ira>*y7*irr*F i r7<j^t-«o 

T, ±E7-f/U**IHfc ±E*w7WiHSr, vt> 

So 

[0 0 4 2] Sfc, *JM& -fV/^UXJSS^IBIS 

BB«7«**u- 'ait-r>/0l?XlW#7-r./U*fil«ltt» 

oT6U,.ffilWy7*.S«F I R7-r/U*©7* 



u j^o^«fli)«j£jBa»<o«aai«3Kir«s esc 
® s <fc -p a«itt*#*in zttriuiv 

©Wttt=»LT**o*Jfi«*S3CtlcJ:y» ±E7 

[0043] sfcx <r>/ui/xjS£*NrKi5 
.o r as y , * y 7&# rT£t% / hnwettsarattft 

±1316 1 *7 7 TTWSftfcMM**** SSM&Sftfc 
»ltttt*Sfi U.*Mua***T*» 2 X7 y 7£» 

^(^^^7^3X777"^ ±E*3X7«y7 
TiS(K**lfc^itS»tt±fr6PI±fiE<DaaSS*8l^*»4 

S LT^«AW*f>JRfr.«ll 5 X7 y 7<t, ±E* 5 
X77 r©lt«ISjR3B { Hf«a)*fr*«fi LTVfti/did 

it/^Koss^s-rsmexx'yyi. ±e*6x 

7 y 7T*/<> KSOEtlv SiG<3* y TOTHltttDieiE 
»*aifi-p**M5fr*WRr**7'XiF'y 7£* ±13 
S7X77 7T*»£T , £fc^ &«J*r Lfcif^tc* » 7» 
?tmS87777t. ±E*5X7y7Tm£<0 

9X77 7<t. ±E* 9 X77 TTH^fcWMSOSE 

1 0X777L ±13*1 0X777©tt«eiitfBfSl 

*1 U77 7L ±13*1 1X77TT'/?yrai 

Etfls-p*.*i«S^«W»r*i[ir2 Xr»7t, ±13 
*1 2X7 i -yyT*iij§3--&SCi««T**^t!taJBrLfc 
«dlc5(y^M*XEr «*1 37777"i;±EI1 

0x77 ^mfcofcfl^aE Lfcjaftt* ti^Hmit 

a!r5±E7-f ;U*«»**i6** 1 4X777iSWt 

[0 0 4 4] $fc, ±13^1X7 7 7^7 

[0 0 4 5] ±BB*4XT'y7T' 
tt. BifaflNcSM-SM^iOES*!!^ ±13*8X7 

•y «fc ^* i 3 x 7 y yz-it z v zr&zmvto 

[0 0 4 6] *fc, **WTtt» ±13*14X7 7 77 
I*. ±E* y 7tttffflj£T* /^H|tt»»nm«« 
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[0 0 4 7] *««tcj:n«* fc£*««WBK«K«fc 
F I R7-fM/*©f85£. /«>KOK£, 7y7-f/U*© 

[0048] 

[0 0 4 9] *»WtC«S|BfiKfi[fflF "l R7-f(^tt, 
WWlcttfctjLtfH 1 h7VX/^- 971/ 

(L-1)/2 

22 a(n)cos(nco) 



IKChebyshev approximation problem) £8I< H*X3c" 
&(Remez Exchange) T'iHiyX^fciHBU 

[0 0 5 0] UT. *KWlC«Sfi|gffifflF I R7-fyU 
TWKfio Titter «. WTO«W»ca5^T» JS&»fi 

««iii*«fcu"»«ojsaaBwafl!)ffli»*N p tar. 

[0 0 5 1] BIMttlF I R7-r/l/*tD£iililSK 
(z) H3tca%rJ:3tc, ifil8ffifflS}to/S:4&lc4 

rxofa&izimztiZo 03 (a) ic^-r 

08* * X fl»*©»d K El 3 (B) tcsrffltt* 
y7v {g*ffi;<Dii£2. 0 3 (C) iajvrsR* •> 7. 
f5*t««3Jg^3. fc*tfla3 (D) lC7jkT®&2<y7. 

[0 0 5 2] *LT» *4>iS4@1#1*liaSH (ejw) 
£1 S^CLT, i§£ 2 ~4 

r. 

[0 0 5 3] 
[«1] 

(1-D 



22 b(n)cos{(n-i)ca} 

- 1 U2-1 

=cos(f)E b(n)cos(nO>) 

(L-1V2 

22 c(n)sin(nco) 

0=1 (L-3)/2 

=sin( ai ) 22 c(n)cos(n 6) ) 



(1-2) 



(1-3) 



22 d(n)sin{(n4) <o} 
=sin(f )E J(n)cos(no>) 



(1-4) 



[0054] -r^fe-e, smttHfltH (ejw) i*. 0 

4lC^Lfc®^/t ; 5j><— 5f©BiaQ (ejw) tVOft^ 

*-**$ts&mmp (ejw) t©fiiT*s*ti5o w 

(1-1) ~ (iCl-4) CD»<Z>±BB£R-1 
+ 2xNpt«f dilc-TSo -T^tJ-S. R(iEI4©J: 
dlCttH;***., £/c. a(n); ~~ b(n); — c(n); — d 



E(e"»)= W(e ,a, ){D(e ,w )-H(e^)} 



(n) £p (n) tvmrzo 

[0 0 5 5] ffiSQj&MffttD. <«jw) fcL, &ji8-»» 
tcWTSfi^^W (ejw) fi*-3*5£ft<BS 

[0 0 5 6] 
[8JE2] 



(2) 
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H(e' w )=Q(e ,w )-P(e iw ) 
[0 0 5 8] it (2) (3) £ftA-r*<i:3fc<D«fc5 [0 0 5 9] 

E(e iw ) = W(e ,lu ){D(e J,u ) -P(e'")} • 
[0 0 6 0] tztcU *W (ejw) % " D (ejw) l*T [006 1] 

W(e i< -) = W(e iw )-Q(c iw ) 



(3) 



[0062] 



[St 6] 



D(e"°) = 



D(e ><0 ) 
Q(e J ") 



(4) 
(5) 
(6) 



[0 0 6 3] i£ (4) !*, S§£l~fl§£4<Z>40<Bii£ 

i/**. a^s^xti/i^ififttp^*, a (2) teas 
^zmmmmmmtovto i e (ejw) i©g*fii*g 

#Ncr*«fc3ft3C (1-1) ~ O -4) ©a(n): b 

(n) ; — c (n) ; — d (n) £j*5t?- S d £: T-JfcSo 

D(e jw ) = l (g&H± 5iJ£Af*I.O <w<cop) 
D(e ,w ) = 0 ± 6 [*3. o> s < a) < n ) 



[0064] wt. mmncmmmfrtmr z c 

T'ti. TIB^33<fctfE15(cS-rJ:-5l!:, SJBftttD (e 

j«) *see-r*o 

[0 0 6 5] 

[«*7] 



(7) 



[0066] fc*:U R #^16*15 <t, 61. 62 <D 

T*S. W (ejw) li>IiafcST*tt-5£<lW1 . PlltiSET* 
tiW2 £U W1 61 =W2 62 £-3 leg 

<K. tztTLlf. W1 =1» W2 =51 /62 tS^o £ 

[0067]|i 

(R-1) #a>5fc$£8&8P (ejw) ^w(DEF^ (0. 

77) T»a«»iticw5«a«*o**xi^>x7ara 

E(e' a ")•E(e J0 " , ') < 0 (i=0. 
|B(e'"')|-|B(e''— )|: <i=0. 

[0 0 6 9] LfcA^T, 1 E (e jwi ) | ttEHWT 
©| E (ejw) |®B*fUc«U,\ 

[0070] «a^^ie->i7ififtt^#s#^icxs 

^aiCS^fcbAXS5«i7';HJUXA(Reme2 Exchang 
e Algorithm)* 5 * 3 (Rabiner. L.R., McClellan. J.H. 
andParks, T.W. : "FIR Digital Filter Design Techni 
ques Using Weighted Chebyshev Approximation", Pro 
c. IEEE, Vol 63, April, pp.595-610, 1975 #SS) . « 

*©iaaa»ja*iiiar*-j: 3 icisixX&OTi'j'j xa 
[0071] 06i*; *«niicff«fisa>saaftjA*9 



(1) E (ejw) liEH (0, 77) (R + 

1) 0, wi«&«aaai«wo <wi < W 2 < ■ • < 

wR-1 <wR tt%>* 

(2) Ky^ffifflwiaHittB&y, 7j^-r^T<o«ifiia> 

[0068] 
[»8] 



(8) 



1 R-D 

1.....R-1) 

zT U Xl±it&CF<0*. ICS * 0 
[0 0 7 2] stepQ 

H6^r«fe3tc s-r. ai«Me*fi3 (fi o 

D o Ctf)»JSli85£T*li. fiffttiUBF l.R7>r;WO» 
©jSUT'SSo 



&M 2 0 0 2 - 9 5 9 2 



©/t5*-*p (n) *#a&*. 
[0 0 7 4] 



• iKaS«fc^jS©ffl»tt£JfiMffl (wr+i . D (e 
jwR+1 ) , i = i . ... N p) 
•ifi«»«T««fcft*flfflRw'(0) = wk (0) (k = 
0, • • , R) 

fc«U =&»*$=(» {i^y5gLOIil»«aLTLN^ 
[007 3] s t e p 1 

a«iai£tes£j8T* (f i 02) . ±iesc (2) t 

R-l 

P(e JO ') =52 p(n) cos ( n< °) 
0=0 

[007 5] -r&fcrS, likiAw(l) =wk (0 (k 
= 0. • •, R) lefctfSSt (4)-<DB*oSifflttHS 

^(c^ ? ){D(e^ p )-P(e f " f> ) }-<-iy*« (k=0, 1 R) (10) 



[»93 



[0076] 
[»103 



[0077] j-xt. wm<otctt>ttmxm\) ti^SS 

r*. SE (1 0) ^^-r^«h^<DJ:dlc^:« 0 



[0078] 

[fti 1 ] 



P(e' 



(-l) k «5 

'••1 + — ^ — — — = 
; W(e JW ') 



D(c iBt ) 



gp(n)cos(ncoO + ^^=D( e ^) 



[007.91 3(11) {CffJtt&LTAamfNttTHEB [0 0 8 0] 

P(c'-') = D(e^) 



(9) 



(k=0. 1. . . . . R) (11) 



£ p(n) cos(na>0 = D(e ,tt, )> (k = R+1 R+Np) ( 12) 



[008 1] (11) tS (12) fcfrBUKiT* [0 0 8 2] 

3fc©«fc9H:a*. [»13] 



&H02OO2-95 92 



1 cos(coo) cos(2a)o) 
1 cos(coi) cos(2coi) 



. cos((R-l)o>g) 
. cos((R-l)o>i) 



#(e ,<0 °) 
-1 



W(e JlUl ) 

1 cos(o)i-i) cos(2wr-i) ••• cos((R-1)6)i-i) (-1) 

1 cos(ton) cos(2co«) ... cos((R-l)o)») .^ c i»^ 
1 cos(<or+») cos(2(Or+i) cos((R-1)o>r+i) 0 

1 cos(0)i*n.) cos(2coii«p) ••• cos((R-l)co»4Kp) o J 



fr(e"°"') 
(-1) R 



P(0) 
P(l) 



p(R-l) 
d 



D(e ,ft ") 
D(e j "') 

D(e j6> ' - ) 

6<«'-) 

D(e JO "" ) 
D(e ,w ""') _ 
[0 0 8 3] LfrU C©3££#<©tt#Sl;:W«fi# 

a = 



fc(-i) J oj/ w( e J "') 

j-o 



[0 084] 

[a 14] 



(14) 



(13) 



«* = n 



i (x k -x 3 ) 

I** 

[0 0 8 6] 

Xj = COS(G)j) 

[0 0 8 7] ak »i^JF<Dk?T (R+1) 5U©WR<0" 
SfcE^T'fc^o fcTcU "W (ejw) , "D (ejw) 

i*. ^-n^ns: (5) . it (6) swccos* 



[»1 6] 



(15) 
(16) 



[0088] 
[»1 7] 



(14) 



^M2 00 2-9 5 92 



Ck =D(e'«0-(-l) k 



W(e itt ") 



(k=0,...,R) 



Ck = D(e'">) 



[ftl 8] 
(k=R+1,...,R+N P ) 



[0090] mm&unnmimcDmm&vkit&tozrz 
^zztizrz. -r&to-e* p (ejw) (*;^^>v^ 

ifllP^^^^T, wk( (k = 0. • R + N 



P(e^) = 



(17) 



(18) 



[009 1] 
[»19] 



(19) 



[0 0 9 2] 



}=o ( X k-Xj) 
j*k 



[0093] 

X = cos(o>) 
[0 0 9 4] COiiieStt. 5£ (1 3) ^^fcCl<tlCffi 

[0 0 9 5] s t e p 2 

$.tbzz.i:t (Fi 0 3) . mm&Mbmznrc&fr* 

mvmLpm?* (F I 0 4) . ±KLfcs t epIO 
^(©S^fl^wk li^-rLt,fi*^*^Mffi«E (e 
jw) (DimizKvT&Z?. I E (ejw) |>6(0 t 

E(e ,<u ) = ^(c ,w ){D(e ,c ')-P(e , 

[0097] i&motiLmtfmkLrstrsvtctzmmft 

y % *©s t e p 3 ©aas'sjitJo 
[0098] h7'i*» $.&\nwk : &<»m&wz&%. 

^SL ZO®<I£frS*46fc«*Oi*&<ttgSME (e 
jw) ^HSglcffl^-T^o El 7 (A) I?i 
<D@ffijST'Ofi*o*5fi{«^M<Dfiilia3tli:^S^ ft 

•?®%im*mL^w,m&t lt> s t e p i (D&micm 

3. £fc* EI7 (B) tC^-TcfcdlC ^iCffllNfcfiEfii 
H(e' 0 ') = P(e'")-Q(e'») 



(20) 

[«2 1] 

(21) 

^*tCt>fcUa5L*«>. ^+l^SJrLL^^jSw(i+D = 
wk 0*D (k=0.1. • • , R) <tU step1©SQ3(C 

[0096] 
[»2 2] 



'>} 



(22) 



^»S«»fLl^fI^tLT. s t e p 1 OiQgKH 

if-LTs 127 (o tc^-r^aic mmzm^rcM 

[0 0 9 9] s t e p 3 

£*4&£ (F1 05) „ S®fii«Ba»P (ejw) fr6N 
^•j/7^>/\°/UX^h (n) =&#4&3l£tC. p 

(n) ^63?46*f«tot»lC. ;A^63?46«o 

[0 100] 

[3S2 3] 

(23) 



[0101 ] 



[»2 4] 



\ 



(15) 
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h(n) = i{H(0) + 2E (-l) k H( 2 ^k)co S (l| k(n+ |))| (24) 



[»2 5] 



^2: n._| 

h(n) = § E(-l) kH (TT(k+i))«n(^(k4Xn+i)) (25) 



f»26] 



h(n) = - J E ("l) k H (^k)sin(^k(n + *)) 



(26) 



[0 1 04] 



= E(-1)'H (^(k+i))cos(2S(k + i)(n + i)) (27) 



[01 0 5i *>u iKBf«/tt^x®Mamjatfft^ 
a injure-as*. 

[0 10 6] El 81*. WTl^-rtt«l^LTs ffit© 
• /OK 



[0 10 7] f±jj 
[0 10 8] 

[a i ] 



><> K 




#m 




1 


0 < w < 0.3tt 


3 


1 


2 


0.57T < w < n 


0 


1 



[0 109] 

m 2] 







iu = 0 


3 


u> = 2ir/3 


0 



[0 1 10] El 8 (A) t*x->^/UT*a*t/-cSiftSa5 
El 8 (B) [*^OS*0)1lT*«^LfcS;ft 
»S«*a*THs 08 (C).tt*JS3«iS*tt*Lfc 
El. El 8 (D) tt^f O^ja^Ut^LfcEJT'SSo * 
fc. El** ^HiH±g^Wl«:i#etx/cS-»»^tt^LT 

[0 1 11] EI8, ^ICEI8 (C) . . (D) fr<3, *H 
«0BBRtC«*«3RCDJBa«OiSi*iiar * * 3 Itim Lfc 



[0112] mz. mmmt i,t. mfeztitcwtmo) 

7iUzTUXii*ffltv?, /C/K8tf2T«*l©SBIiS:7 

[0113] BBih«©aai*«atEr«n:i6©*astL 

it. ajffiSE^jftJSXftwp £eT£. IHiki3«)ttj3UB& 
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10 1 1 4] J-XT* SI. 3$£Vm3<D7'Zfn- 
[0 1 1 5] *&^(T>T-?U-=f- 

£7-f /l/$£3?«>57 T ;l/JyXA©7P- ; 7 : + — 

df'JXAT-s aaKfc*/^*-* (£») <t@j£:2r+i 
[0 116] ££T\ c©7 , ;UdTUXAT*@att*SA 0 

^©.fcdKfcSo 

*gEU/<5*-*: aiB«<0«tjjMgMwp T**So 
.3iM©Kj£jHiKRwp **07> 

• smDtcjoaiHkwp ^Pflitaecj&jissaaws * 

• &®JsS©&jaEj&awp HikttattjM&Kws 1= 
.2r^<-*lll±«©a»*W:'J^<ft*. 

-rfcfo-B. PSit«<D*&jSffl»aws ^siat^aa (w 

= Ott54) lew p(cur)^|BjhM0MjM9ttlcifiL^A 
Mw p(pre) *fflWB»R£LTJBKU -^mm^ 

mm LT»£Lfcs«*3ieTs«fc**^ai8tt© 

t*AJB&8©ttBwp ttfc. £©«fcdfc/\ 0: 7 

• - * ©fi«^»TWfc»*©ai^^«*K£#MSS 

o> c r } [0] 



[01 17] H9fc«fctf«Ttc8wrr*7*ju:jyx^© 

SXx'y^SQSF 1 0 2, F103. F104, F10 

5 ©rts«, la 6 \zmm&iTim un:««©jaai»ja 

[01 1 81 stepIO 

1) „ c©«JJaiai£T*«\ ■MHAHF.i'R7-r;U^©S 

6 /t>K©K5£s aaar-efc^ffKaHawjS**. 

73. fflffiffflbfrDKS* P£±tC©3«»©tt£. -^#J 

»©«MijB2saR©Hffi*ff3. jMtttfcwersfliatt. 

li(T©ifiyT*fe*o 

• *>j/7a. 

• PIitJsS©i3a«ig©JS/'Ka, 

• PI±«E©5PJfis 

• «^Aa>MatR&MML .. 

• Pl±isE©^gfi d B s (Tfcfe-Ss PlitS© y y 77U© 

• 3fi««u*T«it**«aa»w(o) = wk (o) (k= 

0, • R) 

fc«u awsc^(i) tt«yiBL©ia»**LT^*. 

[0 119] Site. 01 Hi, PfliWSE©3a§«*jSET 

*7 , ^dryx^ic*s^«-»ijafe©aiS8A»a^-ria 

HI l(35<rJ:3K:. =4HH»©*I 

[0 12 0] 
»2 8] 



(28) 



[0121] w P ©«3»c**[t] ©gp^ii-y->r^iua 

*«**,©£*■*. CtTU H«Rw p (pre) [0] It 

X2***f5LTRlJkttlcfcW*«'J*©**«d B (pre) 
[0] 3b^466tiTt^tLTJ-XT©X7 1 'y7lcc>L>TSK 
HITS. 
[0 12 2] s t e p 1 1 

«*©«-»»£«■»■*-* uxsmriuiv xash 

?tT* (F 1 0 2, F 1 0 3, F 1 0 4) „ Atttttt: 
ti, SQSF 1 0 2?t* % w p(cur) [ t ] ©t*©ffifil^ 



A«%er«. *LT» 5QSF 1 0 4tcfc^Ts UkX 

x»7';i/jyx^©«iyigLJpJK^fT3. 

[0 12 3] s t e p 1 2 
*|C, ' Hlt«©a»««-BK* (F2 0 6) . &SF 1 
0 2 T#i&fc«IH*«*flil/'T» Hit«icfeH-*B'J» 
©MSfi («*©B*0*3flttW»62 ) dB s (cur) 
[t] =£P^5o 

[0 124] s t e p 1 3 

SJ£LfcPIih«©&«S£©lfc8*?7-5 (F2 0 



$#0200 2-9 5 92 



7) „ Hftfttai, JiSUfcPI±l§EWMgfid Bs tit 
®LT» TlBit (2 9) (3 0) «5»ELTL<-' 

Sif^tCtt. s t e p 1 5 ( F 1 0 5) ©SQStC^T-r 
So ^£LTt^LMi^lt«s t e p 1 4 (F 2 0 8) 
I dBE"*[t]-dBj< E i 



[0125] 
[»2 9] 



(29) 



[0 1 2 6] 



K r) [t]-C0f re) [t]l<C2 



[0 12 7lfc/£U e1i«2 tt#B«K'.hScMMrL 
[0 128] s t e p 1 4 
it (2 9) SfcttSC (3 0) *aWELTl^ttl"»«^lc 

it. /t> Fomttmm?* (F208) .'juttttc 

tt, «rLL'4iMUCa>ttjjSAaHttw p(cur) [t + 1] £f8 

[0129] — ®s: -\3\m<Dm-£iztti. mi 2icgvr 

(pre) [o] . % w p(cur) [o] iCfctLTV 012 (A) . 
(B) . (C) iZmT*-Xtf*i7L<=>1XZo 012 
(A) {C^-T^-Xli. PS7J«!:t,Jg^LfcMSfi^E 

(o ( P pre> [i]=w ( r r> [0] 

w ( r ,) [l]=0.5X(a/™' ) [0]- 
dB (p,e> [l] = dB (eu,) [0] 

[0131] - [°] a : -m B J^P#g>l#-&tc td:. 1211 

*SKL^J§&8(D>*#£fc;l3^T\ w p(pre) [t +1]tC 

»4i»rj8£Lfcaa«dBs «a8Er*jaaH»«R»r 

S. ^ifflKw p(pre) [ t ] % w p (cur) [ t ] IZttLZ* 

eii 3 (a) . (b) ic^-r^-^^^etis. Ell 

3 (A) iCgiTfr-Xtt. fr^O^tfJi^LfcjgEgS* 



(30) 

LTl/»*$— d<D*§^ PfilhiSEa>ft& J^JS afiSt 
ws Kifil^&ffcw p (pre) [o] &Bt LTstepI 
5 0DjlQSlCii€>« Ell 2 (B) iCity-XIl 

£#T-^£L>0T\ *<Z)g£g^LT*ST-r*o Ell 2 
(C) lw=^f X«\ ^©^J^tg^Lfc^fi^SI 
STS^- TfBSC (3 1.) £D«fc 

•51CLTS t e p 1 1 (Dtimiz&'fjTZ* ^fcx ^0© 
«JJWB3SaBba©43t*Ttt» w p(pre) [o] 
w p(cur) [0] ■tfiHL4t^-7ttSftUftl\ 
[0 130] 
[»3 1] 



!, [o]) 



(3D 



SSe-rS-!r-7.T'aoS. d©«§^4. TIBS (3 2) © 
<fc-5lcLT3K<7)s t e p 1 1 OffiSlC^-rSc 
?gKw p(pre) [t] iiJi^Lfc^a*^3ieLfcJl-»» 
<K*4>T\ wp(pre) [t] 

[0 132] 
[»3 2] 



!) [t+H 



to ( p c,r) [t+ll =0. 5X (a> <c p u,, [t]+o)^ e) Ltj) 
dB (p,e, [t+l] =dB (pre) lt] 



(32) 



[0 13 3] Ell 3 (B) iC^-r-b—Xtt, PiSri^Ji IKIHfT*.- 
JtLfd^aS^aSSLTl^^- 7T*$5o [0 13 4] 

li. TlBiS (3 3) <D£?iCLT2l(Ds t e p 1 1 (Dffi [S3 3] 

< e >[i + i] =co ( r , tt] 

coV c " 0 [i+1J = <o ( ;°"[t]+0. 5X (o^lO-a)*' 
dB (p,e) [t+lJ =dB (cu,) [t] 



(33) 



[0 1 3 5] s t e p 1 5 



(18) 



&M2 0 0 2-9 5 9 2 



(F 10 5) . «*ttfc»S*ifcS 
[0 1 3 6] 01411 rpiih^M^S^SSST^g 

#14£jSTI2IT25£o 014 (A) ttf->^H-SiL 
/£JSiWW»ftw-ra 014 (B) tt*(D£S;4><iiT* 

aaRL/tHaa»(6s*55ira hi-4 (o t*&ja3tt 
jfi^ffi^Lfcia. fcctt/Eii 4 (d) immow&zft 



[0 13 7] <Z<Dm^(D&*TlU3iJXlxs Xtotc^m 
[0 13 8] S^T 7 ;!/ J'; XA: ffjgg)iSI^R^^ilia 

• 2 4 £ y 7 

• t&twomm&it- 4 o d b vcf 

[0 139] 
[S3] 





JSItf£#*EBri 


f'JW 






0 < w < tw p 


3 


1 


HliLJ* 


0.5ir < ui < 7T 


0 





[0 140] 
»4] 







w = 0 


3 


71/ = 27T/3 


0 



[0141] 01 4*K&U'T, -mttS±«K) 

[0 1 4 2] El 4 (A) A-5tt^Lfcl?i±feEC0^«« 

zmtLT^zztmrnT-zz. srcs 01 4 
(O , (D) freest Lfdiam^fcii&LTi^c: 

[0 14 3] -r^t5"5» 01 4fr6fc>fr*J:-5l^ *5S 

jS^a»*^o7-f/u*j ^«>57';u=fyXAtc«fcy 

[0 1 44] Jg2_£)2LZlO=± 

dBs ^£■rSS : t'J^t*■l^Pl±lSE©^Ife^»aws * 
*A6££<kH:&£o -?-Ofci6a)7P-^ + -hH Sll 
<7>7'7P-^T^SLfc09<h3?ffi£t><D<!:£So 01 

5 it. Pfll]:lsE^gfi^^e■r^S i t'J^•^l^Pfl±la£©^fS 

fcfc*/^*-' S» (g&) tHJgtfti*/^;*-* m 
ft) «a%LTV»*. 
[0 14 5] CC?, C<Z>7 T /l/:JUX^T'gEl3lC&3/\° 

K^fi/^*— S»: l!iJt«©t&)S«a»ws T*S5o 



sure* y s Hit«i©*&ja®-»»^e */ t& 
p *yt,5a#*»* 

p tcifi^y < ^Piiuaaaanii/h <* < & 

(pre) tm^om^m^mzi&^mymw s kur) * 
wmmmLt Lzmm u -^m^mm LzmmLtc 

Zb\ CuTB, T^l/p-yXi^S^tfgjgft^g.jjfc 

[0 14 6] £fc> 09fc<fctf^TKi8«B-f57'/UP*y 
XAO&Xx'^i&gF 1 0 2, Fib 3. F.I 04. 
F.I 0 5©««** '»1©3'rP-^©«dtBI««C» 
06 lcM«ttTWlU7U 7-f il/*©»aSBttSS* 
#«L/-clxAX3S«7 7 ;UdruXA<l:lR]L:T*SS<, Lfctf 

?t, ccTrojawcoirrii, 06<ti5]c?3 : #£jfi^ 

TV*. 
[0 14 7] s t e p 2 0 

09lC^rJ:-5lC, S*\ *TJ»Bti£*!53 (F2 0 

1) o zv>wsi&i£.T?i*. rn.miti.mF 1 r 7* 

•fy7S. 

•WSttffiF 1 R7-r;l/*li. {gttffcas^iSiS*^ 
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• PflltiSE<D*Ji#v 

• 'BikSCDm'd B s CT«:t>-Bs PlitJsStf) 'J » 
•ifi«««T*ffifilt«:5®»»w(0) =w k (0) (k = 



0. • •, R) 

[0 14 8] $fc» HI 6& ffiiha^XXS^XJEf 

ixicasw*-»ws6oa«iiHa»*^rHT**. ■ i 

[0 14 9] 
[S3 4] 



CO 



[0] = Bib«0!>»jftlSI*«[©5E» 



(34) 



[0150] ws 0»5lC*«[t].0»»tt-9--r^/WBt 
::Tftvi»aw s(pre) [0] K 

Xi***SLTPlltttlCd5»t d B (pre) 

[0] Jb^^enTL^tLTWTOXx-y^^^Tift 

[0 15 1] s t e p2 1 

ST* (F 1 0 2, F 1 0 3. F 1 0 4) . aflsWJC 
«U $QSF 1 0 2Ttt, w s (cur) [ t ] 0)£ie<DMm& 

*s«H»i**»HTs»H*«*£j8*£jaT*. 
3fci^T\ mhfi 0 3tcfct>T. im^westte 

IF 1 0 4K6l^, UAX£8!Z>U=r'JXA<D«&tljS 
|dB ( s c,,r) lt]-dB s |<E i 



[0 155] 



Mr r) [t]-C0^ ,e> [t]|<£ 2 



[0 15 6] TctcU el <t£2 t*#»te'.h;*XMB£T 

So 

[0 15 7] s t e p 2 4 
*g^LfcPHhJSS©;^gei<DibKtCfctNT. ±IBxC (3 
5) £fctt5£ (3 6) £3&£LT^&^il£Ktt. Jt> 

wmmnnwtz (F208) „ n^wici*, $tli^ 
nikttottajHXftw s (cur) Ct + 1] 

-r<D«$^»i*Tittiwr*. 

[0 1 5 8] — Ell: — ElBtpi&&tgtt. Ell 7(£g%T 

(pre) [0] . w s (cur) [0] (CttLT.'HI 7 (A) , 
(B) , (C) tc^-r^- X^#^.6+l5c HI 7 

(A) tcsw*-- xi*, Lfcrarawi 



[0 1 5 2] s t e p 2 2 
^ICs PlltiSEOiSSSfcS^S (F 2 0 6) „ «iSF 1 

o 2 r#i6ft:aw*jasc«ffl^T» Hih«ica5H-«a'j^ 

(Dj/£ffS ( «*<DS*-?$i&HKfi 62) d B 
star) [ t ] fcgi^S,, 
[0 15 3] s t e p 2 3 

ffij£LfcPflit«©^«£©Jt«*?73 (F2 0 
7) . UttWlUi, ^LfcPfl±lSE^^ad Bs tit 
<SLT> TIBSC (3 5) Sfcttxt(3 6) *jg£LTC> 
*«fifctt» step25 (F105) -©»«fclM5T 
«JSLTt>«:LM&&tCttstep24 (F2 0 8) 

[0 15 4] 
[»3 5] 



[»3 6] 



(35) 



(36) 



w s (pre) [o] =&8?£Ls t e p 2 5 ©«HiKjttt> 0 03 

1 7 (b) xt*. p53&t«.jsj£Lfeaa«* 

lis ^Lfc^gS^H^-rSCt^T?^^:^^ * 
<Dg*Si5*LT*S7. 0.1 7 (C) ICS***— Xtt. 
^O^ft^SLfcjaga^SSE-rS^-XT'SSc d© 
TIBiC (3 7) <D«t3ltLT s tep21©ffl 

tt, w s (pre) [o] #3S£U w s (cur) [0] 'tf»EL 

XttSfcLfcLV- 
[0 15 9] 
[«3 7] 



(20) 
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(oT y [i) = co^roi 

co ( r r> [i i = o. 5 x ( <o<r } [0]+ o { r } [0]) 

dB< eur) [0] 



(37) 



dB< p,e, [l] 



[0160] -msim: -^simom^\at^ 01 

SKL^aaMSWSWtoMcast^ w s (pre) [t * 1] 

TZZtltTZ. JS»«w s (pre) [t] „ w 
s (cur) [ t ] (CfcfLT. 018 (A) , (B) [ZfnT'r 
0 1 8 (A) (CSTfr-Xtt, 



TfiBxS (3 8) 4>J:3(cLT%a>s t e'p2 1® 
«StclW5T*. *3Ss «£w s (pre) [t] li&sifc 

[0 16 1] 
[S3 8] 



[t+1] 



> re > I 



t] 



co ( 5 c,,) [t+ 1 ] =0. 5 X ( <o ( r°[t]+ o> < pre, [t]) 
dB< p,e) [t+l] =dBi prc) [t] 

[0 1 6 2] 19 1 8 (B) (Cat*-*— Ml5t*>m »C«HW*. 
^Lfc^§*«3ISLTt>5^— XTfc^o C©1§£ [0 16 3] 

lis TfH^ (39) tf)«fc o tC s t e p 2 1 (ESQ [»3 9] 

co ( r } [t+i] = cd ( r°[ti 

co ( s eo,) [t+1] = o> ( r° [t]+0. 5 X ( co ( r r) [t]- co ( / ,e) [t]) 
dB< p,c) [t+l] = dB< cu ' ) [t] 



(38) 



(39) 



[0 164] s t e p2 5 

3fitt*ftfclI^tefrSiI*§HS*§F I R7-rjU*fl)«R 

(f 1 o 5) o ffcfr-Ss g$twic*#6n/cj§ 

[0165] eg i 9 rpiih^co^gfi^^s-rsg 
>jx<0Hjh«oj&jisuaaMa[*»-37-fyu*j **a6*7'/u 

=T'J XMc«fc U fi 6tifd6JSBijl7 -r /l/^OSifc&fE^ 

ittt^rET*«5o 0 19 (a) ti^^/i/T-a^L 
fcsaaiss^-rE, 0i9 (b) tteassefirp 
aiSLfcjaasau6S*a%rH» 019 (o y*K§3tt 
>a*ft:*:Lfc0s ££#019 (d) lisMtottifi^ffi 



*Lfc0T-£3o 

[01 6 6] z\<r>m^<r>m^rn^)Xix. xtbrc^m 

[0 16 7] S^yjUJ'JXAr gjg^Jg-^^ilia 
•2 4$'/7" 

• PI±^(D^gM«- 4 0 d B 

[0 1 6 8] 
[S5] 



K 




mm 


fi* 




0 < w < 0.3tt 


3 


1 


UifcJ* 


io a < w < rr 


0 


1 



[0 169] 

me} 





f'JI* . 


w = 0 


3 


u; = 2rr/;) 


0 



[0 17 0] fcfc, 01 9*<Dfcl^Ts H^*Pfl±^<0 

s^«*^r*«'j^©iHit«©ttja«aR«*c>fi« 



[0 171] 019 (A) ^e*i£LfcPl±JSE<7)Mga 
fcSIJ^LTl^Cttfegfg-^^ £fc, 019 
(C) . (D) frZt%J£Ltz®%l&&&mMLT^ZZ. 

[0 17 2] ffc^s 01 9 3^5t)^*J:d^ *3£ 
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[0 17 3] %3<P77a-f 
fi&lc. l3©77n-fT-(i. S3£Ufclfi±tt©«S 
SdBs *«Sr**'J^>*y^»N*jjW6*CttC«: 

5.020 it. mM<D*m&*mJ2.Tzm'i*>* •> r 

fEITSSo 

[0 17 4] Z.ZLX\ Z.<DTJ[>3iJXl±T\ gSK&S 

* S S/ * — * : * •> 7»T'S5. 

*®m: J 1 i>F<D&mt?'<TmmT'&2>0>T\ *gj£L 

[0 17 5] titc. m2 0 3S<t:ZflXTlC®.W?%Tfr3 
UXACSXf 'y7ffiIF 10 2, F 1 0 3, F 1 0 
4. F10 5« OWSti, mi<DT7n-*(0m'££\5\ 

mz. ei 6 ic^s^itTUtw Lfc«*©sas»^^a3a 
-rs^AXSE»7 , ;u=r>jx/x<t [hut***, xrc $as 

F206©fc§t±J&2<a7'7n-9 1 <Dl§£<i:IHliK. El 
9lCSS^tTUi^Lfcj(QS<»:iH«T'S*o Lfctfo 
T. dCT'OfflSlCO^Tti. 06*i«J:tfia9tPliW 
#*ffl^T^* 0 
[0 1 7 6] s t e p 3 0 

E2oic^-r«i:dic, *-r. w^ts^^a (F4 0 
i) o z<DVjmwL&.?it. mtsnsasF i r7</u^<dis 

WTOiiyT'S-5. 
[0181] s t e p 3 4 

1 zv/m*? (F4 1 3) o m&<D*-y7 
w&yzv ym%> u s t e p 3 o tosmizwriT s 0 

[0 1 8 2] s t e p 3 5 

i^**ifcfifflTOfr51M8tt«F-i R7^;^©M 
(f 1 o 5) o -r&fot;. a^ww#etifcis 

[0 18 3] El 2 1 tt> rpflitlSj£DMSfi^ll^-rSg 

/jvoi? * ?wu &&tbZ7 T iu3v xuz*. y it enrc® 
SSiliB? -r ©aa«B6S»tt*srHT»*. El 2 

1 (A) l*^i^l/T'g*LfcJa;&&JE§£,TVrEk El 

2 1 (B) tt*©**©fflT*3*LfcH«tt(W*ii*T- 



• PIlhlSE©-Mgfid BsCr*b5» HifcttfiDU •> 

7i^*«ETSMia*Hasaw(o)-=wk <9> (k= 

0, • •. R) 

ten u ( i ) \m y is L©sa*« lt 

[0 1 7 7] s t e p 3 1 

«so/i»aiis=&aisr* uax^t'/u ^y xa«^ 

frf S (F 1 0 2, F 1 0 3. F 1 04) o ft^WlC 
it. $Q1F 1 0 2TU w p (cur) [t]OtZ<DMm& 

mR^m**.®.?^ sqsf i o 3k*>u 

fLTx SftiF 1 0 U^X 

■asjft^ujyXAflonyiBLWWsfT^. 

[0 1 78] s t e p3 2 
SKlC, ffi±tta>*S*«H'<« (F2 0 6) . ftigF 1 
0 2T*»/t1fflRI*3«SC*fflt'»T, PIatJ&SK£tt£g'h 
4>X« ( iftittSSS <5 2) d B 

s (cur) W 

[0 1 7 91 st ep-3 3 

me m&Litm±maimm£<ouM*i75 (F4i 
2) . jutnict** «£L^H±««>aa«d-Bs ttb 

«LTs (4 0) **ELTV**»£fc(*» s t 

e p 3 5 (F 1 0 5) ©toWCfctT**. jRELTl*tt 
(NVftKtts t ep34 (F 4 1 3) ©jfflStC^-r 

•So 

[0 180] 
[»4 0] 

(40) 

Els EI2 1 (C) .l**j»3ftffi«fc*LfcRk fcJ:tfEI 
2 1 (D) tiiPMO^ifiS&^LfeEIT'SS. 
[0 18 4] Ctf)Ji^)g*7<rt/=ryXA. Xtotcl^ 

a. jt^*a^ttWT<DayT'S*o 

[0 18 5] S^T^/U Jy XA: ffig<Pja%ajS£iiia 

■rs uAX^T^iUzry xzxT-s*. 

• PI±l§EtD^gfi{*- 6 0 d B«T 

78 N T'» 5. 

[0 1 8 6] 
[S7] 



(22) 
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JO V 


jsatttsn 






Mia 


0 < VJ < 0.37T 


3 


1 




0.5ir < w < it 


0 


1 



[0 187] 
[881 





fJI# 


w = 0 


3 


ti> = $»r/3 


0 



[0 18 8] fc*>\ 02 ltftca^Ts mmm±m<o 

i&m&&-6 0 d BWTKfc*«'J*©* /v^S (3 6 * 

njtiiifg^ LfcnaR£«a% lt^*. 

[0 1 8 9] 02 1 (A) *>6Jg3£LfcPl±J§M>agfl 
^H^LT^diAi«5SigT'*Sc 02 1 

(C) . (D) ^^JBSLftJBaWWSSiiiftLT^ic 

[0 19 0] 02 1 fr6fcfr«J:9lC« 

nHjkitoaaasJtar sa/j*©* * ^eu 
**a6*7'ju =ry xz*k <t y a&tifeis&aa7 -c ju* 

14, Sff*JBattJt*»tt**LTV*. 
[0191] *|C % »29>taSmt LTv IlihttaaS 

i«meu a*«©aaiw«iair*7<f ju*** 

[0 1 9 2] CCT, COT 7 ;U=r<JXAT'S*lCG:S/\° 

aa&©ttj£Aa*wp tPflihiSE© 
Hjktt©aMdBs *aj£U Jl^lSS 

©aaawc T-jasadBc «aar«/t> k*»*t 
*. -r a#a©83£jsa»wc T^gfid bc 
ift**3*a*»**wia«©»aiBa»wp tfit 

jtp* y; aatt©KAaBftwp tPiih«E©*Sj5sa 
#**©•?. miciwr tawcaw&a c 

Tl^/<7/-**MET*.- JCLh<0«fe3-ftS«««y 

jg-rctT*. s&tton&RwciftgsftdBc ^sra 

2«SI©7'7 , Q-7S -r&fc 



s***sr*«*.*sisBa«©*jfiUBa»**-37 
-r^u^j #$«©?« j f-ti^ , n*^-xjuLrc7'/nry 

[0 1 9 3] H2 2I& Hlttt©aW*»fiU ffl^ 

«fl!)sattiS*iBa : r*7-</u***i6*y'/udryxA- 

<D7n-^-v-h^-T0T'«5o 02 2-02 

7 icmawttT; nBjtjt©MH**£T *»«b'h* 

T'/udfyxL.ico^TWwrSo 
[oi9 4] -rfc*>-5* *7 7 /l/dryxz*Ttt, rp§ihisE 

*Tto3iJXU<DE»l*s 02 3lC^t-«fe5lC, ±IB7 7 
7UJyXZx«rtffliJWI/-ytLTws SSlC* 

rato-Ss *H*i©/u-rraa«©' 

**a*lkwp *HJ£U- P^©/U-r?Hifc«©a* 
fid Bs «a£r«IBJta©ttAJSaRws £3?463o 
• *»S*ife««»tt<^:£Lfca»«©jS (wc , dB 

c ) fciiiALTfcut***, riaih«<o»M*3ejer 

LSK««0»jiMI«»«»07 -f /b* J 
SRLfc£*£l3aUcwp fczHMWafcffll^TaSRT*. 

jSjaa»*»o7-r/u^j *si»*7'/i/jyxi*«rai; 

[0 19 5] 02 2*J«fe^TlcSJ^-r*7 7 /b=T 

UXi»«5#XT»7"fflIF 1 0 2. F103. F10 

4. Fi 05. ©rtgii. m (OTyn-rojig-Stm 
Wc. 0 6 KHattttTiftiE Lfcffit©JS»8tj£*aa 

F206, F207, F 2 0 8©A.8l*&2.©7'7n— 

%t>t rffi J h«(DaM*3IEr*«t.'J»*t'»IBjhaE© 
tUUnStlt 07-f l>5r j ©7*;b=Ty XA<hlH«T'« 

09 tnujwsffl^Tt^. 

[0 19 6] s t e p4 0 

**\ H2 2te^fJ:3»c; (F3 0 

/k> Kowt* aa*«fctvff«fl!)jia»jS[*x 
a©wwaa»c5ite*?5d. a*t=wtcf9sr5«e« 
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• iKA«o«ajafa»ftws' = o. 



•5fiftl»«T««fc4*«aMB[w(0) = wk (0) (k = 
0. • • ,. R) 

refit. fewx* ( i ) \m y & loes^se lti^. 

[0 19 7] $7c. EI24ti\ PI±l§E^ga^S 

[0 19 8] 
R»4 1] 



0) 



(41) 



[0199] wp <D'&ziz&%w sy&tM&MtMk. 

Zmt^OttZo CCTU p (pre) [0] lz 

»LTttff«o«aasjia*5iiir* i^xx&T'/i/iry 

XA€H?TLTPl±lSJlCfc^5fg^Lfc^fid Bs * 

3aer*«'j^©H±ao«uSiB«a»w s <P re) to]#* 

«>S*U fOt$(JDwc [CfcttSfcHtd B c (pre) [o] 
tfWStiTl/***: LTWT©Xf7 TlCOl^TWIir 

*• 

[0 2 0 0] s t e p4 1 

riajh«a)^**aiEr*»t.'j^t^Hifci«cottjajs 

(F102, F103, F104, F206. F207, F208) o MttWlCl*, 
toSF 1 0 2?& w p(cur) [ t ] <D£Z<DMm&tm 

££j#-T5o &^T\ 1 0 3lCfcl^7\ fciF^JS 

5. fLT, fflSF 1 0 4lC*Jl^T» Ui*XX»7»iU=f 
OXi*<0»yiBLWBr*f7?. Mz. JfiSF 2 0 eicfc 

m®m) aeic jiasF2 0 7ic*j^T. put 

|dBi c,t) [tl-dB c | < £ i 



[02 04] 



K r) [t3-«? ,e) [t]l<^ 



[0 2 0 5] TcfcU £1 <h£2 . (**«tC/J\*^«« L 

[0 20 6] step44 

t^T. ±i33£ (4 2) SfcttSG (4 3) *aiJSLTl^' 

ttWlcii. frL^Jli§JSE<7)^JSjl&aw p(cur) [ t + 
1] ^asST*. *<Dm7£. : }£tLT—\sl3<D)l>-7V>m 

£t-®mim<Di\'-y<Dm'£izMfTmw?Zo 
[0 2 0 7] — \B\m: —mi3<Dm'£izi*. ia2 5tc^-r 



s ^•P7-<;U-S»«5rtA657';U=ryXA0^7^^# 
So 3:7c. j!aSF2 0 8lCfc^Tx $rLl^PIltiSE<D$&j£ 

[020 1] s t ep42 

m&mz&7ZLrcm&&<Dii$mA*ifr<z (F3 

0 9) . iQSF 1 0 2lc£l*T, rpiit^MSfi^SI 

c (cur) [ t ] ^H^5 0 

[0202] s t ep43 
jI&i§E<3jgJ^sB£©Jt8£ft5 (F 3 1 0) 0 W» 
«E©S»»wc KfcfrSiSgfidBc <titfSL7\ TIB 
xC (4 2) STcttiC (4 3) fcjgELTL^H^KUu 
step4 5 (F10 5) ©«®C|WtU BELTO 
fcl^if^lClis t ep44 (F3 1 1) ©*1«C*?tT 

[0203] 
[»4 2] 

(42) 



[»4 3] 



(43) 



(pre) [0] x w. p(cur) [ 0 ] IZKLZ. 02 5 (A) . 
(B) , (C) tCSVr^-Xjb^jtetl*. EJ2 5 
(A) KTjVr-ir-XW:. Mf5 £ *>f§}£L/c3S§ad Be 
fcjgELTL^'T— XT*«5o C0>*§^ **L^*tt 
w p(cur) [o] SSiUs t e p4 5 <DjQ3Kiit>o 

E12 5 (b) to^-ry-xti, MXt^mmLtcifsmm. 

£;gEL&l^-XT*&£o COH^ ia^7 7K 
?©I5gSLT«l7t5. 02 5 (C) fcgiT*— X 
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So C<DS§£«\ TIS^ (44) £><fc-5lcLTs t e p [0208] 
4 1 (D&mizWiJ-?*. ^-iHlCDtO^iftSjCO-^^ [»4 4] 

w p(cur) [0] #»£.U w p (pre)[o] #m 

o> ( p P ' e) [l) =^ ( p P,e) [0] 

co ( p c " r) [1] =0. 5 X ( cu ( ; ur) [01+ O)* ,e) [0]) (44) 
dB< pre> [l] = dB< p,e) [0] 



[0 2 0 91 -®Ei:m: -l3\&Vl&<Dm-£M** 132 

6 ic^-r 2 ocD>r-x^# jiens. -aawBicfc^ 

SfgfL^iSaaw p(cur) [t + 1] (DftlsbttjS^Ts 
w p(pre) [t + 1] iCtt^-T^/^fidBc fc^ST 
S^afi»^«^-T5o ^»Stw p(pre) [t] % w p 
(cur) [ t ] lC*tLT02 6 (A) . (B) frfr.?*-* 
JtWfjlSn*. S2 6 (A) iCijVr*— XMU tt;fr4>3* 

<o ( p p,e) [t+l] = a> ( p " e) [t] 
dB< pre> [t+l] = dB< pre) [t] 



it. TIB^ (4 5) ©ftVS^fflVJfcO s t e p 4 1 <75«1 
miz&fitZo £Kw p(pre) [ t ] «*§^LfcM 

Sa*^ELfcig»a6K*OT% w p (pre) [t] tfjR 

[0 2 10] 
[»4 5] 



(45) 



[02 1 1] 02 6 (B) |CotT4— Xtt. ffi*t**B ^5= 

^LfcMSs^eLTt^^— x. zvm-Si*. tib [0212] 

xt (4 6) cD*QJI£fTlV&© s t e p 4 1 <Z>*Qgl;:fSft [»4 6] 

<o <P,e) [t+l] =co ( p cur) [t] 

= a)? u,, [t]+0. 5X (a/^W-ft/f^t]) 
dB^ re) [t+l] = dB< eor) [t] 
[0 2 13] s t ep45 

£*4&* (f i o 5) c s^wtcffsnrcii 

[0214] El 2 7 ti, rg/j%©Plitl§E^iSsa63S«- 

s^-ou^j £#i&57 , /u:Jux^te£tM§6*ifdgiss 
iSia7-r;u^a)®a»f5^14^-r0T-»*. 027 
(A) tt7 J 5/X/UT«55Lfc«sSiWSW*ia%-rH» 02 
7 (B) ji^O^^CDffiT'^LfcSiftSllS^^-r 
0. 0 2 7 (C) tt*J»3ttilE*tt*LfclBL- fc«fctf0 
2 7 (D) «fiMO^^S£*L/-c0T'«« o 
• A> K 



(46) 



[0 2 15] C<0Jt#(&g*7 , ;U=r'JX^ JjRi&fcl,^ 
[0 2 16] g*Tll 3D XA: Pfl±feE<DM^a^%J£ 

• (0. 4tt. 1 2dB) fciiifi 
•24£j'X 

• m±®(Dttmma- 4 0 d b 

®>JS»ws T*»5c 
[0 2 17] 
[S9] 



;<> 1* 








Mi* 


0 < u; < w p 


3 


I 




w a < w < n 


0 


1 



[0 2 1 8] 
[SI 0] 



ftte 2 0 0 2 - 9 5 9 2 



\ 







w = 0 


3 


io = 2?r/3 


0 



[0 2 19] fcfc, 02 7lCfcl>7\ ID^ttPIihlSS<05S 
LTV*. 

[0 2 2 0] 02 7 (A) &e»£LfclBlbSE©tt5fi: 
*H3iLTU3C£#ttKT*#*. 1212 7 (B) frga 
&ttlctt£ Lfcffiittig©tt3*£Sa LTl** C £ *NS 
IST*^*c £fcv 02 7 (C) . (D) fr6*g£Lfd3 

[0 22 1] ffcfo-Sv 02 7fr6tafr£<fc ; 5U:x rg 

zf'JXA^-XKLfc rpuhJsEoM^fi^EU 2B 

s»*ojsa»j5i*3iiir*7-fiU*j **a6*.7 , )b=ry 

[0 2 2 2] HltflE©Wft«»£r3St>*3' 

XL^^-XKLfcT'/Uzr'JX.MCO^T. 02 2, 0 
2 8~H3 2KH»tfW-TB«lT*. C©ii^©7P- 

*+-n*, bi]3£©k»«S£U Mftuomzm 

[0 2 2 3] *7Jl/J'JX^m rpflitiSj©;SgS£ 
^£^ *©fc*^®iS«©ISjSUSjfta*Jt07 -f ;u 

yXi*©«H*» 02 8tc^-r<fc5lC ±E7iUJUX 
U*tom<D)\/-yt. LTwp *Stc*HWcws 

Sws *H£U F"3{IJ©/l/-7T'Pl±Js£©ft£^ad 

bs «au£r%a»«E©»j£nwwp 

6nfcfflB#ttJt«BJELfc^«©jS (wc . dBc ) 

«iiaLT*L>t*w:. rpnhia©Msa««E-rsa 

•b/J»*LNPHJh«©*6jiS«*tt*»o7wiU*j fcSiSL 
fct*tra«»cws'«^»8U»*ffl^T»SRr*. Hi* 

0) ( s enr) [0] 



[0 2 2 4] s'fc. H2 2fcj:iWTicB«rr*7*M'=r. 

'JX^fl)§Xfy7l01F 10 2, F 1 0 3. F 1 0 
4, Fi 0 5. ©ftgtJ, < m\v>T-fu-=f-v>me:£.n 

mz % 0 6 icnuwrmn ur=e j8c©5i«ajs*aia 

F206, F207, F 2 0 8©p3§li8T2 ©Z^P- 

ts.io% rpiihJsE©M«fi^SSe-rsg i fc'jN^L>PIihlS!© 
tti£jaa&a*#o7-ir;l/*j ©T'/Uif U XA£ VISIT'S 

[0 2 2 5] s t e p 5 0 
02 2lC^-r<fc^^ «WHKJ£*fT3 (F3 0 

i) . caamrri*. -obhmbf i'r7</w<d» 

tjs fi)g!mft4>H& pfl±*s©3s§*©*i;^ 
a©aj»saa©ia£*sa. jutnicttersssi* 
•«tT©iiye**.' 

•E/iSfflffiF I R^/U^fi, ffl»«i**^tt«f*Mi! v 
•/fvK©att.2ffl» 

• ®jSJSE©^iS-»aw= 0. 

• p§ih«©»jafflaa»w= it; 

• PflihSE©*!^ . 

• PI±iSJ©?^g* d B s CT Pfljh«© U v 7/U© 

• s^©/i»awc ^omidBc, 

• ifift(*JsET'<sfi<!:^*iaafiaw(o) = W k (o) (k = 

0. • • , R) 

7£f£U SWX^(i) ««SySL©E]a*aLT^So 
[0 2 2 6] S/cs 02 9tt, fflitJsE©35Eg*>£»E 
U S»SE©iS»a^*iSja-r«7-i'/U^«:3ti6«7'/l/ 

[0 2 2 7] 
[84 7] 



ia±*<oiif4-ra»»cDiEtfs (47) 

T&X^tcws £w s (pre) [o] £LTV3. 
[0229] 
[»4 8] 



[0 2 2 8] £®w s (pre) [o] «Tf3©<fc"5K 

<1£LT rpiihl§E©M§S^^S-rsg i fc'J^^PlihJsE 



(48) 



(26) 
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[0 2 3 0] **fc6«r. TIBj£ (5 7) £. LT 

«0. 0 Iggl'^Ct^ Jl(Dt$<DPI±J§E<D^ 

[0 2 3 2] ws CD&SKfcStt] .C0«4M*-9--r^^i» 
Z&T&cOtTZo S»aw s (pre) [o] lc 

**jEr*a*o)iiii«©«jauasftttw p'(pre) [o]# 
*»stu zotzowc iz&ttzmmd B 

cfore) [0] #*S4lTl*« £ LTWTOX 
[0 2 3 3] s t e p 5 1 

(F102, F103, F104. F206. F207, F208)„ JlftftKI*. 
«QSF 1 0 2 7B, w s (cur) [ t ] ©£*<DlHI£i<S:i§ 

"*£j»T*. Jfcl^C, *QSF 1 0 3iCfi^T, MIDM 

So fLT, ffilF 1 0 4|C6^T, \sUX&&7)\/3 
yXi*©||yKL¥«r*fT3. «iSF2 0 6lC*5 

l^Ts Hiktttc£l*«*'J*4>tt8K (g*<D«*0*Jfi 
ft(H&) £#A6So 5QSF2 0 7lCfcL>Ts Pfllh 

|dB< c ">[t]-dBc|<£i 

[0237] 

|co ( p c " r) [t]-a>? ra) [t]|<£2 



[0 2 3 8] tcfcU el £e2 tt#«»t/J»*tMl* L 
TVS. 
[0 2 3 9] s t e p 5 4 

UTv ±fiBx£ (5 0) */SttSG (5 1) «iNBLTV« 
^Hifrtctt* KOWetMET* (F31D.I 

1] *©weat LT-Eia©^-^©* 

[0 2 4 0] — tag: — [°]gg>ig^U:ti. 0 3 Olc^T 

3o©^-xtft?ien«o--rst)B, n&ftw 5 

(pre) [0] N w s (cur) [0] fcfcfLT* 03 0 (A) . 
(B) . (C) lC^T^-*tf#5t5ftSo 03 0 

(A) izTjiT'r-xit, My5t*>mj£LrzmmmdBc 



LTVSo 
[0 2 3 1] 
[»4 9] 

(49) 

p £&07^/U*£*&S7'/U:JyXA©&7&fl : £f# 
5„ jflgF 2 0 8fcfcl^TV $t LVPfl±iSE<7>*&jS 

Miftlkw p(cur) (Dmfc&fj?, 
[0 2 34] s t e p 5 2 

m&mz&&Ltcmmi<oiimaz®<% (f 3 
09) . sag f i 0 2 leaser, m±&v>$mttffi 

c (cur) ;&iSjK5 0 

[0 23 5] step53 

»3eLtea»aw)«5«ta)tt«*ff^ (F310) . 

■*SLfe3W!W«©ffl»«wc »C»T*»MdBc tit 
«LZ\ TfBSC (5 0) (5 1) *»ELTV 

SH^lCti. step55 (F105) CDjiHWCfM?. 
U ftSLTVftl'tlMcli s t e p 5 4 (F 3 1 1 ) 
fDSQSlC^-TSo 

[0236] 

[»5 0] 

(50) 

[«5'i] 
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w s (cur) [o] SitLTs t e p 5 5 ©JflSlCjifco 

Ei3o (b) (eqvr^-xtt, ffifitt&mLtciis.ma. 
f-o»*«qtLT«7r.«. E3o (o X 

So C©»&»* TE3 (5 2) 4>£3tcLTs t e p 

5 i ©mbskimtT*. £&\ ^s©wJB«a»fl!)^* 

£T'(*. w s (cur) [0] MEL. w s (pre)[o] tfjffi 

[024 1] 
[»5 2] 
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(52) 
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&8rLl,^ftaw s (cur) [ t + i] <D>*A675Kfc^T\ 
w s (P re > [t + 1] lctti&-r*g£i^fidBc «3SJ£-T 
£JS;i&S£GHrr*o @»»w s ( P re) [t] < w s 
(cur) [ t ] K*tLT03 1 (A) . (B) lzmT<T-X 

#%*.6ft*. 031 (a) ic^-ry- xt*. 



«U TIBSC (53) ©<fcdKLT3fc<Os t ep5 1<DJ8i 
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[0 2 4 3] 
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(cur) 
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(53) 
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[0246] s t e p 5 5 
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(F 1 0 5) „ ®&Wtcf# etlfdS 

[0247] 0 3 2 li, r g*oiliaisS£>*S;£JS 

*^i657';Hr i JXA^-XtcL/!: rpfiik 

-f;U^0)^^»^1t14^-rEIT'*5 o 03 2 (A) 

tix^^iUT-a^Lfcja^fS^^-rE, 032 
( b) tt^<D**ofiT*a^L/c/s»af&^^-r0, 

03 2 (C) tt*J*#3tt3fi£ft;*:L/c0, fc«fctffl3 2 
(D) ii^#O«5a^ffi^Lfc0T'S5 o 



[0 2 4 8] d<7)JI^<3g:*:7>=rU XA* *«>fcl>Se 
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. (0. 4/7, 1 2dB) 

• Pflit^«O^S«(± — 4 0 d BOLT 
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IBT'^So £fc, 03 2 (C) . (D) jjTSSS'LfcH 
[0 2 5 4] rft*>"6» 03 2A>6t)*( v *J: J 5lC > l"g 
XZvfr^-XtcL/c ngit&aXSS*j|tE'u 99* 

wjs-«a^ ; &jiia-r57<;u^j ***&s7'/up"yxA 

K<fc y»Sftfcfi«3KI7-r/U*tt; S»fcH»RJ8W 
[0 2 5 5] *1C /t>K*fflERT18ftUZ*X»7'JU 

=ry XLuatt lt, H±«©«a««»jer * 

ffiih«©ttjaUB«R*»07-f/l/*j £#tf>*7 7 /l/=ry 

XAt, sue nut«fi08««*»Er*«*»**^ 

[0 2 5 6] 03 3 its HiW©**i**BiTS»'.h 

[0257] cOT/i^yxA-psAtctts/t?*- 

^ S«, *LTZjU:JyXfc©ra*W*TS£:fc© 

• £ v "7R 

«6jSJSiffiRws«IB£r«. M2(C, ilMQKjSffil-X 
3Swp *BJ£U Pflik*©i&SJSjfcRws *Rl*tr 

So 

* K©SR©?5-otf RT&T-fcST'yl/iJy 
XZottLT, S£*ftfclBit«©«MdBs =&3SS"rS 

*'n: 1 Islg^U-^T* TOfcLj t^S<k#. 

•v 78[£ie-S> Lfflgfc«> LT*5= 
[0 2 5 8] fife, 03 3*iJ:tfWTKSl^-rS7 7 /l/:J 
'JXi»0§7rif7WIF 1 02. F103, F10 

4. F 1 0 5, toftm** ^arr-fu-mmfetM 
t»c- H6icna«H-TBWLfcff«fl>«a»ja*aiii 
*-*n»X3aft7 7 ;i/jyxAimi;?**. sfc, *&s 

F201, F20 6.F207, F 2 0 8£>F*3@tt:^2 

-mmst muz* m 9 iciiiittw-TKE l 
fetes, trstt najh«<Dja««jitEr ««k*.** 

«E©teiS«»»*«F07-fiU*j o^udyx^tra« 



[0 2 5 9] s t e p 6 0 

E3 3tc^-r*5^ **\ a»»3e*ffd.(F2'o_' 

1) „ itf*tt41F I R7-f/W©i 

J-XTO®yT'«5 0 

• iiig^tPfiih^lt^f 

• Pflitl§E©^SSd Bs(T&b«, PfllLttoy 'y7/K0 
*i**62 *»r) , 

■■■iira*«?Mi:fcSJSat«w(0) =w k ») (k = 
0, • • , R) te/CU fflPB»(i) ttHUiSLfOHIR 

[0260] s t e p6 1 

«*©«aRiis«KM-* isuxamriwj xash 

?t-T5 (F 1 0 2. F 1 0 3, F 1 0 4) . ^ttWlt 

it. W3F 1 0 2?u, stilts®* tt/c^/s-aaR/S 
frswiWtt*«Br*«iBi*«*ftj«*siar*i 

&l^T\ 5QSF 1 0 3K*Si>Ts «S^3SiC^6*»6 

if 1 0 4Kfii^, uAXXjfe7';ujryxi.<Di!gyig 

[0 2 6 1] s t ep6 2 

ftMS) (F2 0 6) . 

[0 2 6 2] s t e p 6 3 

y x ZxcMftTAfftf <a y gfr*«arr* (F20 

7) . ttTjfefti^ayfioJidtCtts t e p 6 7 (F 1 
0 5) OWKCfffrU tfyfifcft^fcStts t e p 6 
4 (F 2 0 8) <Dtt«l«:»fiT*. . 

[0 2 6 3] s t e p 6 4 
Jgft LfclBih«OJ««*aiJEr *ffl«ROSISR7 7 /b=r 
y XA©»T*fMM&y &fcttl>JjKHc. / \"> K«R£ 
«BBT* (F2 0 8) 0 

[0 2 64] s t e p 6 5 
»S^fcHJt«©a«£©iltt*ff5 (F4 14) o 
fflIF208 CD/\*> KORCXE!C£b>T* 1080/1/ 
-rr rft?^Lj tft*«^tts-t ep66 (F4 1 
4) (D&mizWrjU *-*U5ttt<D«£tt, s t e p 6 1 
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[0 2 6 5] s t e p 6 6 

izvzrmvr (F4i 5) . m&<D2y7&*i 

•rm^L. s t e p 6 0 (F 2 0 1 ) (DflJSSia^iQSK 
[0 2 6 6] s t e p67 

aflttr nttmm&fre mmam f i r y * /u* <nw&L 

(F 105), 
[0267] 0341*. rpiihl§E<DM^S*SSS-r 
>b<T>* y'TWU tttbZTfr y»Sftfcffi 

4 (a) ttx5/^uT*s^Lfcs-Ka^§^-riax 0 

3 4 (B) tt^O^^WffiT-a^LfcS^SfefSS^-r 
0, 03 4 (c) i*#J*#3tti££8;:*:Lfceu fc«fctf0 

• /<> K: 



3 4 (D) WtfJif OttSa£&*Lfc0T*ifc*o 
[0 2 6 8] C10[)Jl^©B*7 7 yUJr i >'X/*, #4&fc:^ 

[0 2 6 9] g^T'/U XA : Pfl±fiE(PM^a^ggS 

• m±®Oifmmt- e 0 d b 

[0 2 7 0] 
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to K 






a* 




0 < tw £ 0.3ir 
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w = 2tt/3 
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[0 2 7 2] fcfc, 0 3 4«t»lC*JUTs nmm±&<D 
;#*fitf- 6 0 d B «Ttefc*«'J*©* v ■?& ( 1 7 * 

[0 2 7 3] 03 4 (A) »6»£L/tReikSE«)3«t 

*nmLT^zzttfm®X' : zz>o *tc> 03 4 

(C) . (D) frS»£LfcJS«BUS*a'aLTL<>*C 

[0 2 7 4] r&b£, 03 4#Sfofr*«fc5K* rpfi 
±i£©&§fi£«£T*g'J^*yyaj ^»57/l/ 

jgx/xic«fcy?#6tifceisEiiM7i'/i'^tts 

[0 27 5] Sfc. 0 3 5 tt % r»j£ LfcHlttt©** 
• K: 



j; y ^#6nfc16^sEil^i7-<^^^'<DJ^»a^:s :: &^■r0T* 

03 5 (A) li^^/UT-^LfcJS^atS^ 
03 5 (B) «-fO$$<7)fiT*S/TRLfi:iS*a 
f5^^-T0> 03 5 (C) (**l»3«ifi*JK*Ln: 
0, fc«fctf03 5 (D) (ifijff Of!tjfi^ffi*Lfc0T^ 

[02 7 6] £0>®'£0)m*7ll'ZSiJXl±. Xtbtcl^ 

as jg^»a^*i-xT<oiiyT'»5 0 
[02 77] B^zikJy. xjxj iB±ia<p^gggiJE 

ffitro/saa^fciiia-r* u^x^7 7 /i/=ry xats 

-5. 

• «**» 

■ Plit^co^aat*- 6 0 d BJ-XT 

• ^•vyaN 

• PB±issw$s£/sazaws 

[0 2 7 8] 
[« 15] 
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3 


w = 2tr/3 


0 



^12002-9592 



[0280] 0 3 5 4>icfc^T, nmm±&o 

6 0 d B fcTFKft £fi/h©* 7 7» (17^ 

[0 2 8 1 ] 111 3 5 (A) frS*g£L/i:PfilfciSS©3£iSS 
*IHlLTl^Cttf«BT**. *fc> 03 5 
(C) . (D)-tfSS£LfcJSB^«iiftLTl/'*C 

[0 2 8 2] TfctaSv 03 5#5*>6 N £«fc3lC % T}| 
[0 2 8 3] #:(c % Pflib«a>3SggS;8jeU S&isE© 

«-a«jja*aiir*»'j^ » 7»«>7-r 

;l/JUX^tc-p^TIW«r*. CCT-ti, ME na±* 
u ra«<DfflaMMS*aar* 7 -r JU- 
^r j ^5RA6*7*/UdruXL,lc«LT. Pfllt«E<B3SlEfi* 

sweu ao, w«ojB3ttba'«Bir*«'j»*y^; 
7 -f / « t 7 ; u =r y xz* ic -o^xwRt % . 

[0 2 8 4] 0 3 6«\ Hlfctt4>X«»KSU 38 

*7*juzryxi»a>7n-*+->*iSTHT**. 

[0 2 8 5] Z0)T)\s3VXlxT*gm\crs%j^>i- 

ga*u ^LTT'iUjyx^oflcasjiHs-r-st*© 

♦ as/*?*—*: 

•**7« 

• PlltfeE<Z>«i£JS;*»w s 

Jg£**tfcPlitfcJcDjgEi»dBs tiEL ». 
SfftSOJB&fkwc T'iSHEd Be *«r«*'Jt 
*-y7|fe<Z>7^U*£f#£o rfcfe-S* 

»»wc THaid bc fctt**3ft*«fc**csiiitt 

711^4*7 -fib* *».*. 
*J£3: 1 0a<&/U-7T' nufctj tKZtZ, *v 

» 7S*Ji-¥> LHJSfc* LT*3= *fcs W*«©»» 

&&znwei*rz\smtti5^T*> i * th^^ l 

[0 2 8 6] 0 3 6JJj:t5J-XTtClttWr57 , /U=J 

yxAosx^vraiasF 102, f 1 0 3, f 1 0 
4. F 1 05^ <0f*3§«, ^KDT'Xa-^coii^illl 
ttHC. H6tcRliIWtTBaiLfcff*OJBsSaaa*SKa' 

-rsuAX^7 , ;u=ryxzx<ti5ii;T»«. saa 

F2 06. F207, F 2 0 8©rtW*JS2©7 , 7'a- 
. *jSBSHR**o:7-r/i/*j <D7»;UrryXA, Sfcte 



2»«H07-(';Wj <D7'/UJyXA«t|sl«T*aBS„ * 
SIC* «JgF3 0 1, F309, F3 1 0. F 3 1 1 <0 
rt»tt» EB2 2tcBittJttTIWflL«:«HaL rftto*. 
riBifcttOX«ft*EU WWMttiWffCt 

marc**. Lfctfoi. cc?4>naico^T(*« 0 

6. 09, fiJ:lfBI2 2trai;W*fflt^Tt'»*. 
[0 2 8 7] s t e p 7 0 

03 6tc^-r«fedtc, **\ «3S8S3E*ff5 (F3 0 

jyxix©«awwe*i53. jMW*nciaj&r*fliBttu 
•f'>7a, 

»lBSatt«F I R7*/U*tt*-«^**lM4»tt*» 
•;^K©»«2ffl» 

•aii*©ttjSH*Rw=o, 

• aisa©* !H§« _ 

•PIiha<0»^a8«w=7r, 

• PlltfcSOf'tffs 

• ®3fi«E£PIit8KC*rr*S*-3tt* 

• ass* ^fc^j£©s»»£is4Bfia» 

• Pfl±JsE©;^Sfi d B s (r*to-6» RHUS© 0 * 7;KB 

• m&®<o®*mv*c t*o>mmmd bc . 

•£(W»JST'ffi<l£fc*JSa8Sw(0) =wfc «» (k = 
0, • •. R) 

fcfcU SJUX^Ci) J*»y«L©E»*«LTl**. 

• -»|iJ^O«)«S/S»»OA77 
r0288] s t ep71 

ffK©H3ftflW«Biar*UAX3aft7*/UJyXZ*** 
ST* (F 1 0 2, F 1 0 3. F 1 04) o ftffcWK 
J*, 5Q3F 1 0 2m ffittfr£JMM*tt*ttH7« 
«B*W«ft«*kj*r*. 5QSF 1 0 31C 

zxX5J»7 T ;i/dryxix<o»ysL*"jitfr^?. 

[0 289] s t e p 7 2 

Pfl±i!StEfctt*§/h©3S§S( «*©fi*o*£ 
ftORS) (F2 0 6) o 

[0 2 9 0] s t e p 7 3 

y XA<w»7*frtfrty icotrssrttfBair* (f 2 0 

7) „ MTJMtfrtUiraMClis t e p 7 7 (F 3 

o 9) ©jaatcwfTt, j*y4^t*»s t e P 7 

4 (F2 0 8) COftBUClWr*. 
[0 29 1] s t e p 7 4 
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(F2 0 8) . 
[0 2 9 2] s t e p 7 5 

5QSF2 0 8<0/^>K£Dta^SSKfc^Tv 1 ls]g©M/ 
-7T' FfiSfcLj s t e p 7 6 (F 4 1 

5) <D»SIC|MtU *nSCtt.©Ji*(*, s t e p 7 1 

[0 2 9 3] s t e p 7 6 

1 ^'y^li^-r (F4 1 5) „ £&4>*y7«t«:1 
ym^U s t e p 7 0 (F 3 0 1 ) ©fiJ^aSteSlC 

[0294] s t e p 7 7 

tcmmmo^m^m^ (f 3 0 9) 0 

[0 2 9 5] s t e p 7 8 

i%?£Lrcm±®<Diimm£<Dit®L*'n? (f 3 i 0) . 

&7&1Wfigy tL-om&iat step82 (f 1 0 5) 
ODSQS^ffU f&ViLtt^t&ts t ep79 (F 

311) otamizWiiTZo 

[0 2 9 6] s t e p 7 9 

4 (F3 11). 
[0 2 9 7] s t e p80 

&mLtcm±m<Difmmt<Dik&*B? (f4h)„ 
JQ1F3 1 Koia^stcjsiNT, 1 ®bo»\> 

TjgftLj £&*Ji^tts t e p 8 1 (F 4 1 
7) ^SIC^tLx ^tlJ-X^Oii^ix s t e p 7 1 

[0 2 9 8] s t e p 8 1 



1 * » ^li^-r (F 4 1 7) o y 7»£ 1 * V 

yit^u step7o (F3 0D (ommmmwrniz 

[0 2 99] s t e p 8 3 

=£#46* (F 10 5) . 

[0300] m 3 7 1*. rpntfejcoMgfi^^s u m. 

©JS&ajE^14£^?-0T*i&5 ? 037 (A) It?^ 

^uT'S^L/cjafcafSS^tm 037 (b) tt* 
<D*$wfiiT'«^Lfcia-a6afSg^-r0v 037 

(C) W3pJ?#3«ifi^*S^LfcE!s fc«i:tf03 7 (D) 

asm 0 «ifi:«-jfi± ufciaT'ft^o 
[o3oi] d<Dti-&os*7';i/ir';x^, *i6fct^ 

m*7>\> J 'J XA : PI±®<PMiEaSISgr3g*<P& 
X»Z;UzrUXAT^5o 
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• 
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■at 1 7] 









at* 




0 < u; < u; p 


3 






ttf, < t» < 7T 


0 


1 



[0303] 
[«1 83 



Sift ft 




w = 0 


3 


w = 2?r/3 


0 



[0 3 0 4] 0 3 74>tc33l^7\ SiSSUiPfljfciSfoT) 
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[05] fi*O^^itf->x7ja<W<DfflJ^-r0T** 
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[07] l*^tifiMiE (ejw) OfrU^ttttfttife 
i£>££l&IET*/i:4&©0T'35£c 

[08] *9BHaeS®JS^A«ft£lfc£$4>AS 

suss £ ^<Dffi*0^r 0T-* So 

[09] PflitlSE©ia§«^e-r«7-fyU^**46S7' 

[010] Pi^JsEODjMgg^^s-rsgt^^L^iijaJsE 
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